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Summary 
This report updates an earlier version published by The University of Western Australia 
(Runge and van Gool 1999) and provides an assessment of 10 land qualities for 18.7 million 
hectares of land classed as available for agriculture (NLWRA 1996) in the South-West 
Agricultural Region of Western Australia, summarised on a local authority basis (see 
Table 1).   
The assessments are based on data collated from regional land resource surveys available 
from the Department of Agriculture and Food (DAFWA) and shown in Appendix 1, Figure A1.  
Surveys were evaluated using the land qualities described by van Gool et al. (2005).   
This update is based on information from DAFWA’s map unit database (which is continually 
being improved) extracted in November 2008.  Compared with the earlier publication, this 
edition is more comprehensive and based on an improved soil data model. 
Land qualities are a qualitative assessment based on a combination of existing degraded 
land and susceptible land from survey observations and knowledge of soil and landscape 
processes.  This indicates the size of a given degradation problem and identifies where land 
use practices need to change. 
Land capability, derived from land qualities for four major types of agricultural land use in 
annual horticulture, perennial horticulture, grazing and cropping, is shown in Table 2.  The 
information is presented on a local authority basis.  When this information is combined with 
other important strategic information such as water availability, climate, existing infrastructure 
(e.g. railways and roads), human population and agricultural industry growth trends, it can 
help guide land management and future land use developments. 
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Table 1.  Summary of land qualities on area of land (in hectares) available for 
agriculture in the south-west of Western Australia 
Land quality Low Moderate High   DEC Estate 
Other 
(unmapped) 
Soil structure decline 10,924,000 5,348,000 2,482,000   7,413,000 389,000 
Percentage of total 41  20  9    28  1 
Subsurface compaction 4,700,000 7,964,000 6,090,000   7,413,000 389,000 
Percentage of total 18  30  23    28  1  
 Nil and Slight Moderate 
High and 
Extreme   
DEC 
Estate Other 
Surface salinity1 17,353,000 596,000 549,000   7,413,000 645,000 
Percentage of total 65  2  2    28  2 
 Nil and Low Moderate High   
DEC 
Estate Other 
Water repellence 8,349,000 6,885,000 3,264,000   7,413,000 645,000 
Percentage of total 31  26  12    28  2 
 Low Moderate High Presently acid  
DEC 
Estate Other 
Subsurface acidification 7,044,000 5,005,000 4,286,000 2,276,000  7,413,000 531,000 
Percentage of total 27  19  16  9   28  2 
 Low Moderate High Very high Extreme DEC Estate Other 
Wind erosion 7,468,000 4,521,000 5,561,000 932,000 25,000 7,413,000 636,000 
Percentage of total 28  17  21  4  0  28  2 
Phosphorus export 12,735,000 3,635,000 869,000 1,136,000  389,000 7,413,000 379,000 
Percentage of total 48  14  3  4  1  28  1 
 Very low and Low Moderate High Very high Extreme 
DEC 
Estate Other 
Water erosion 14,651,000 2,898,000 649,000 352,000 210,000 7,413,000 382,000 
Percentage of total 55  11  2  1  1  28  1 
 No risk  Partial risk  
Moderate 
risk  High risk  
Presently 
saline  
DEC 
Estate Other 
Salinity risk 13,949,000 2,901,000 208,000 639,000 1,161,000 7,413,000 285,000 
Percentage of total 53  11  1  2  4  28  1 
 Nil Very low Low Moderate High and Very high 
DEC 
Estate Other 
Waterlogging/inundation 11,873,000 1,909,000 1,897,000 2,059,000 1,024,000 7,413,000 381,000 
Percentage of total 45 7 7 8 4 28  1 
Table 2.  Summary of land capabilities* of land available for agriculture in south-west 
Western Australia 
Area (ha) Classes 1 & 2 Class 3 Classes 4 & 5 DEC Estate Other 
Annual horticulture  3,971,000 10,990,000 3,908,000  7,413,000 274,000 
Percentage of total 15 41 15 28 1 
Perennial horticulture  5,210,000 6,752,000  6,907,000  7,413,000 274,000 
Percentage of total 20 25 26 28 1 
Grazing  4,877,000  9,419,000  4,574,000 7,413,000 274,000 
Percentage of total 18 35 17 28 1 
Cropping  1,585,000 12,198,000 5,086,000  7,413,000 274,000 
Percentage of total 6 46 19 28 1 
* Assessment is based on the physical land qualities only.  For example, horticulture is normally irrigated, however water 
availability is not considered. 
                                                
1 To get an overall picture of salinity, values for surface salinity and salinity risk must be considered together. 
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1. Introduction 
Land degradation is a major constraint to sustainable and productive development in 
Western Australia (WAPC 1997).  Salinity, erosion, soil compaction, acidification and other 
forms of degradation affect large expanses of the state at a huge cost to farmers and 
communities.  Better planning, management, and greater community awareness are required 
to address these problems.  Accordingly, the scope and magnitude of the different types of 
land degradation need to be better understood. 
DAFWA has completed land resource mapping for the agricultural region in the South-West 
of Western Australia (WA).  Digital mapping can be viewed on the Shared Land Information 
Platform, known as SLIP at http://spatial.agric.wa.gov.au/slip/ (SLIP 2007).  This report 
updates Land qualities in the South-West of Western Australia (Runge and van Gool 1999), 
which reported on 7.34 million hectares or 27% of the South-West Agricultural Region.  Prior 
to that publication, few if any regional assessments of land resources had been based on the 
detailed data available in the land resource surveys.  If any regional overviews were required 
they were often gleaned from the Atlas of Australian Soils, prepared at 1:3,000,000 
(Northcote et al. 1960-68), or system maps such as Churchward and McArthur’s Landforms 
and Soils of the Darling System (1978), prepared at 1:250,000 scale.   
Use of DAFWA’s relatively detailed land resources survey mapping, usually captured at 
scales of 1:20,000 to 1:250,000, has often been confined to catchment planning and local 
rural planning strategies.  The land resource information prepared in these ‘one-off’ projects 
cannot be readily compared with land resource information compiled for other areas.  This is 
despite the fact that Geographic Information Systems (GIS) make it technically feasible to 
rapidly summarise statewide resource inventories from the most detailed mapping available.   
A number of problems have limited the use of land resource survey information to specific, 
local projects: 
1. The scale of surveys may vary from 1:20,000 to 1:250,000. 
2. Most land resource surveys contain a considerable amount of descriptive technical 
information.  This information, though valuable, must be summarised and expressed in 
a format suitable for storage and retrieval within a relational database if it is to be used 
within a GIS environment. 
3. Standards for the interpretation of survey information, and indeed, the format of the 
surveys themselves, vary dramatically.  This means considerable time, effort and 
expertise must be invested to compare adjacent survey results and correlate survey 
data. 
DAFWA has addressed these issues through a number of initiatives:  
1. Development of a comprehensive map unit database utilising a seamless soil-
landscape map unit hierarchy and zone land units which are proportionally allocated to 
the mapping units (description of the data can be found in Schoknecht et al. 2004). 
2. Adoption of soil layers (van Gool et al. 2005) for 70 standard soil groups and soil group 
qualifiers for WA (Schoknecht 2002) make it possible to autogenerate many soil 
properties. 
3. Development of zone land units (van Gool et al. 2005) to derive land qualities and land 
capability from the soil and landscape information. 
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These initiatives have made it possible to rapidly summarise the most detailed land resource 
information available.2 
There is now a national program to compile all available conventional land resource surveys 
on the Australian Soil Resource Information System (ASRIS) which can be viewed at 
www.asris.csiro.au/index_ie.html (ASRIS 2007).  Viewers should be aware that ASRIS 
focuses on measured and derived soil properties and not the landscape component of soil-
landscape mapping.  Consequently, land degradation summaries are best viewed on SLIP.  
SLIP also includes land capability/suitability interpretations. 
                                                
2 The average map unit for systems mapping of the South-West (1:500,000) is about 5,000 ha (similar to the City 
of Melville).  Average units for Atlas of Australian Soils mapping (1:2,000,000) are approximately 25,000 ha (about 
the same area as Shire of Rockingham).  In contrast, the average map unit size for the Coastal Plain soil-
landscape survey is around 50 ha, which is a more appropriate size for local planning. 
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2. Methods – information derived from land resource surveys 
This section provides a brief introduction to conventional land resource survey information, 
and a generic outline of how this is summarised into land qualities and land capability.  The 
use of proportional mapping, which is a limitation imposed by the scale of many commonly 
available surveys, is also considered.  Knowledge of these methods is necessary to 
understand the strengths and limitations of the land quality and land capability summaries 
presented in Section 3.  A brief description of the actual surveys used in this study is 
provided in the appendices. 
Section 2.1 introduces the method of land resource surveying used by DAFWA; Section 2.2 
provides a definition of land qualities and explains how they are derived; Section 2.3 explains 
how the concept of proportional mapping can be used to increase the detail of descriptive 
information associated with small-scale surveys. 
2.1 Soil-landscape mapping 
Methodology:  Conventional land resource surveys attempt to provide an inventory of a 
region’s physical resources.  However, land is almost infinitely variable in its physical 
characteristics.  The survey methodology must provide for some method of abstraction in 
order to group land into a manageable number of categories.  This is done via conventional 
land resource survey, which in WA is predominantly soil-landscape mapping.  This technique 
is based on the integrated survey technique pioneered by CSIRO in the early 1950s 
(Christian and Stewart 1968)3, the survey guidelines presented in the Australian soil and land 
survey handbook (Gunn et al. 1988)  -  now superseded by the Guidelines for Surveying Soil 
and Land Resources (McKenzie et al. 2008) -  and The Australian soil classification (Isbell 
1996).  However, these references are guidelines only and the actual survey methodology 
may be adapted to suit specific needs.   
Description:  Conventional soil-landscape mapping relies on the identification of areas of 
recurring patterns of topography and soil based on their visual appearance on aerial photos.  
This is followed by limited field work to inventory soil characteristics and other attributes that 
cannot be interpreted on aerial photos and for ground-truthing.4   Soil-landscape surveys 
attempt to simultaneously map all factors of the physical environment, concentrating primarily 
on soil and landform, but integrating aspects of vegetation, geology, hydrology and climate.  
Hence, soil-landscape mapping units provide an integrated expression of land.  For detailed 
description of DAFWA’s soil-landscape mapping see Schoknecht et al. (2004). 
Advantages and disadvantages:  The advantages of the soil-landscape approach to 
conventional land resource surveying relate to its efficiency and holistic nature.  Criticisms of 
the approach centre on its subjectivity (Davidson 1982).  This is not surprising as it is to 
some extent an indirect method of surveying.  For example, analysis of landform contrasts, 
as observed on aerial photos, may be used to delineate potential vegetation boundaries.  
Analysis of vegetation features in turn enables deductions to be made about soil condition.  
Land cover and human land use can affect this photo interpretation process.  For instance, it 
is often easier to delineate soil/landscapes in areas of natural vegetation than cleared areas.  
Furthermore, the location of field sample and observation sites, which are used to verify the 
extrapolative mapping, establish ground-truth values and take soil samples, can be 
influenced by factors such as accessibility and surveyor preconceptions.  Hence, soil-
landscape mapping requires a good and often intuitive understanding of the environmental 
inter-relations within the area being surveyed. 
                                                
3 The approach was actually used in 1933 in Michigan (Cooke and Doornkamp 1974) but credit is usually given to 
CSIRO. 
4 The field sampling density used in 1:100,000 soil-landscape mappping in WA is often not more than one 
observation per 2 km2.  This is at the lower end of the range recommended by Gunn et al. (1988, p. 65).  This may 
be justified by the vast extent of WA's agricultural region. 
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It is important to be aware of the qualitative nature of the conventional soil-landscape survey 
and that map units exhibit varying degrees of internal similarity.  Exactly how internally 
homogenous these individual units are will depend on many factors including the surveyor’s 
skill, the scale of the survey and the complexity of the soil/landscape being mapped.  For 
example, units mapped at a scale of 1:250,000 will be characterised by less internal 
homogeneity than those mapped at 1:50,000.  Also, map units of complex soil/landscape 
systems, such as those associated with alluvial deposits or complex geological formations, 
tend to be less homogenous than those of simple soil/landscapes, such on broad areas of 
sandplain.  It is important to bear these limitations in mind and remember that soil-landscape 
mapping represents a compromise between capture cost and mapping accuracy.  It should 
also be noted that in recent years new technology and new data such as digital elevation 
models and radiometric images have become available to improve existing survey 
information.  Many surveys have had significant improvements from the original maps and 
associated publications and some level of quantification is slowly being introduced into 
conventional surveys. 
2.1.1 Accuracy and scale of land resource mapping 
As well as requiring some type of consistent land attributes, the potential uses of land 
resource mapping are limited by several other factors largely related to scale, but also 
influenced by the survey method, mapping date (an indicator of the spatial reliability of the 
information) and land complexity.  The difficulty is that a low quality map at 1:50,000 may be 
less reliable than a high quality 1:100,000 scale map.5   The published survey report can be 
used to provide some indication of map reliability (see Figure 1).  However it also needs to 
be recognised that many maps and the associated data have been updated since publication 
of the original reports.   
Appendix 1 lists all digital land resource maps, their bibliographic reference and details such 
as the mapping scale and survey date.  Appendix 2 lists the survey references alphabetically 
by author. 
Table 3 provides a general guide for the appropriate use of land resource survey maps.  The 
approximate resolution is given as a general guide.  For example, even at high survey 
intensity (1:10,000-1:50,000), the resolution could be as broad as 25 hectares.  Detailed 
planning decisions about land uses of only 1 or 2 ha could be inaccurate, and should be 
field-checked or cross-referenced with other information sources (e.g. typically high 
resolution aerial photographs and/or a digital elevation model and occasionally a field check, 
which may simply be a drive past the property).  Figure 1 is a subjective guide to survey 
reliability in the south-west of Western Australia. 
 
                                                
5  Hence the large overlap in approximate scale in Table 3. 
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Figure 1. A guide to survey reliability in the south-west of Western Australia 
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Table 3.  How map scale affects use of land resource mapping (adapted from  
Gunn et al. 1988, McKenzie 1991) 
Approximate scale 
(survey intensity) 
approximate 
resolution6 
Examples of recommended uses 
<1:10,000 
(very high intensity) 
<1 ha 
• Detailed suitability for specific forms of land use 
• Intensive land use development (e.g. urban, horticulture, engineering uses) 
• Local urban structure planning 
• Detailed farm planning 
• Property development planning 
1:10,000-1:50,000 
(high intensity) 
1-25 ha 
• General suitability for various forms of land use 
• Strategic planning for intensive land use developments including urban and 
horticulture 
• Shire planning for the development of rural land in shires experiencing high land use 
pressure (i.e. shires near the metropolitan region or major urban centres) 
• Management plans for small catchments 
• Farm planning for low intensity agricultural uses 
• Forestry production areas 
1:25,000-1:100,000 
(medium intensity) 
6-100 ha 
• General suitability for various forms of land use 
• Planning for low intensity land uses such as dryland agriculture 
• Strategic planning for more intensive land uses such as urban and horticulture 
• Shire planning for development of rural land experiencing moderate land use 
pressure (i.e. shires with larger rural towns that are experiencing some development 
pressure or have major development opportunities) 
• Regional planning in areas with high development pressure 
• Management of medium catchments 
• General planning of forests 
1:50,000-1:150,000 
(medium to low 
intensity) 
25-225 ha 
• Broad suitability for major kinds of land use 
• Best suited for planning low intensity land uses such as dryland agriculture 
• Generally locating more intensive land uses such as urban and horticulture 
• Regional and local planning for predominantly rural shires 
• Management of large catchment areas 
1:100,000-1:250,000 
(low intensity) 
100-625 ha 
• Broad suitability for major kinds of land use 
• Strategic planning for broad dryland agricultural uses or generally locating other 
major kinds of land use with limitations on the amount of detail that can be 
considered 
• Regional plans, planning for rural shires (particularly smaller wheatbelt and pastoral 
shires) 
• Overview of management issues for very large catchments 
• General planning for pastoral shires 
>1:250,000 
(reconnaissance) 
>625 ha 
• Overview of land resources and their status 
• A general prediction of land resources in a given location 
• General planning for pastoral shire. 
>1:500,000 
(overview) 
>2,500 ha 
• Overview of land resources and their status 
• General summaries of regional resources 
• National/regional resource inventory 
                                                
6 Resolution based on 1 cm2 on the map.  This figure is an indicator of the size of land use developments that can 
be planned for.  The minimum resolution is assumed to be 0.5 cm2 in the Australian Land Survey Guidelines 
(Gunn et al. 1988) however the average resolution of map units in practice is usually much larger. 
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2.2 Land qualities 
Land qualities have been defined as complex attributes of land that act in a distinct manner 
in their influence on the suitability of land for a specific kind of use (FAO 1976).  A more 
general definition of land qualities simply describes them as any physical properties of the 
land relevant to a particular land use (van Gool et al. 2005).  As there are potentially infinite 
numbers of such properties, it is necessary to define a number of standard land qualities 
which are relevant to the most commonly encountered land uses, and which can reasonably 
be derived from existing survey information.   
DAFWA has identified 22 land qualities that are broadly applicable to the most commonly 
encountered land uses and can be derived from existing survey information.  The 10 land 
qualities presented here (see Table 4) are a subset of the 22 standard DAFWA land 
qualities. 
These land qualities are dimensionless variables expressed on interpretative ordinal scales, 
such as low, moderate and high.   
Table 4.  Selected land quality codes (from van Gool et al. 2005) 
Description and code value Acceptable codes (ratings) 
Phosphorus export hazard 
(PHOS_L) L (low), M (moderate), H (high), VH (very high), E (extreme) 
Salinity hazard (SA_RIS) NR (no hazard), PR (partial or low hazard), MR (moderate hazard),  HR (high hazard), PS (saline land) 
Subsurface acidification 
susceptibility (SU_ACI) L (low), M (moderate), H (high), P (presently acid) 
Subsurface compaction 
susceptibility (SU_COM) L (low), M (moderate), H (high) 
Surface salinity (SALIN) N (nil), S, (slight), M (moderate), H (high), E (extreme) 
Surface soil structure decline 
susceptibility (ST_DEG) L (low), M (moderate), H (high) 
Water erosion hazard 
(WA_ERO) 
VL (very low), L (low), M (moderate), H (high), VH (very high),  
E (extreme) 
Water repellence susceptibility 
(WA_REP) N (Nil), L (low), M (moderate), H (high) 
Waterlogging/inundation risk 
(WA_LOG) 
N (nil), VL (very low), L (low), M (moderate), H (high),  
VH (very high) 
Wind erosion hazard 
(WI_ERO) 
L (low), M (moderate), H (high), VH (very high),  
E (extreme) 
Land qualities are estimated based on the land characteristics.  Land characteristics are soil 
and landform features that can be explicitly observed (i.e. qualitative estimate) or measured 
(i.e. quantitative) during a land resource survey.  Some land qualities are based on a single 
soil or landform characteristic such as pH.  In most cases, however, a particular land quality 
will be based on a number of soil and landform characteristics.  For example, water erosion 
hazard requires consideration of organic carbon content, soil texture, soil structure, soil 
permeability, slaking, dispersion and water repellence to estimate the erodibility of the soil.  
This is then combined with slope to determine the erodibility rating.  Sixteen land 
characteristics are described in van Gool et al. (2005). 
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2.3 Mapping hierarchy for soil-landscape mapping 
A hierarchy of soil-landscape mapping units for land resource surveys in the agricultural 
region has been adopted by DAFWA in order to maintain a consistent approach with different 
mapping scales and varying levels of complexity in both landscape and soil patterns.  Details 
of the mapping hierarchy are given in Schoknecht et al. (2004).  At higher levels the soil-
landscape mapping units cover large areas and have a high degree of internal complexity.  
At the lower end, mapping units cover small areas with usually only minor soil variation.  
These are suitable for detailed maps of small areas such as individual farms. 
An example from the Wellington-Blackwood land resource survey is shown below, and 
diagrammatically in Figure 2: 
Region:  A broad morphogenetic unit based on continental-scale tectonic geology and 
climate described by CSIRO (1983). 
Example: The Western Region (2) comprises the Yilgarn and Pilbara Cratons and the 
intervening Hamersley Basin.  The Carnarvon and Perth Basins are included 
because they are too small to form their own regions. The area has been 
continuously exposed to weathering and denudation since the Precambrian 
period. 
Province:  A broad-scale unit based on geology (lithology and stratigraphy) and regolith, 
described by CSIRO (1983). 
Example: The Avon Province (25) comprises Precambrian granites and gneisses with past 
lateritic weathering. 
Zone:  A regional unit based on geomorphological and geological criteria. 
Example: The Western Darling Range Zone (255) is an extensive undulating lateritic 
plateau (Darling Plateau) which is largely intact.  The plateau has some deeply 
incised valleys where it has been dissected by the major river systems of the 
inland zones. 
System:  A regional unit based on landform pattern, soil parent material and soil 
associations. 
Example: The Coalfields System (255Cf) overlies Permian sedimentary basins containing 
coal, and is dominated by broad lateritic divides with gravels and sands, swampy 
terrain, shallow minor swampy floors and shallow valleys with well drained flats. 
Subsystem:  A local unit based on landform element and morphological type, and soil 
associations. 
Example: The Stockton Subsystem (255CfSK) consists of shallow minor valleys with gentle 
side slopes and swampy floors, with sandy gravels and deeps sands. 
Phase:  A local unit based on one or more of: drainage, salinity, slope, erosion, soil. 
Example: The Stockton upstream valleys phase (255CfSKu) covers valleys 5-15 m deep 
with 2-5 per cent gradients on the side slopes.  The valley floor is usually 
narrower than downstream. 
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Zone land unit
 
Figure 2. The map unit hierarchy and its relationship to zone land units 
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2.4 Proportional mapping 
Land units:  Much of the land resource information available has been captured at scales 
less detailed than 1:50,000 (e.g. 1:100,000 to 1:250,000).  At these scales the principal 
mapping unit is the soil-landscape system or subsystem (Figure 2).  Landform assemblages, 
such as soil-landscape systems or subsystems, can typically be characterised by a limited 
range of land units (Wright 1971), which are areas with common landform and similar soils 
that occur repeatedly at similar points in the landscape (van Gool et al. 2005).  Many land 
units recur within a number of different land systems or subsystems within one soil-
landscape zone, hence the same zone land unit may be used in many map units.  Zone land 
units are important as they represent areas of similar soil, slope and drainage, therefore 
exhibit similar production potential and degradation risks (Tille 1996).  Hence land 
characteristics and qualities are linked to zone land units.  Land resource surveys which 
have been mapped in this fashion are referred to as ‘proportionally mapped’.  In other words, 
proportionally mapped land resource surveys are those in which the land qualities are 
associated with land units rather than being directly linked to the map units.   
Use:  Display of land quality information for proportionally mapped surveys is more complex 
than displaying non-proportionally mapped surveys.  This is because only the relative 
proportion, but not the exact spatial delineation, of each land unit within a map unit is known.  
See Section 3.5.1, Displaying capability ratings on maps.  
2.5 Land capability assessment 
Introduction:  Land quality information may be analysed and displayed to produce 
degradation risk maps, as done in Section 3.2.  Another common use is for comparison of 
alternative, and potentially competing, land uses, via land capability assessment for a range 
of similar land use types. 
Land evaluation methodology:  The Land Capability Assessment (LCA) methods adopted 
by DAFWA were formally outlined by Wells and King (1989) and draw from FAO guidelines 
(FAO 1976, 1983), the United States Department of Agriculture (USDA) interpretative system 
(Klingebiel and Montgomery 1961) and Land Protection Service in Victoria (Rowe et al. 
1981). 
The Wells and King methodology was updated by van Gool and Moore (1998) and more 
recently by van Gool et al. (2005).  The FAO system, often referred to as suitability analysis 
was formulated primarily for use in countries where both data and technology are limited and 
includes a wide variety of social and economic considerations in the assessment which are 
not otherwise available.  Hence, in a suitability analysis, the answers to the questions of 
“what is marginal?” or “what is sustainable?” are very much influenced by the prevailing 
economic, social and political circumstances.  Restricting assessments to physical properties 
only is advantageous because the information will age much more slowly.7  So the Western 
Australian land capability assessment is equivalent to the physical (only) land suitability 
assessment used by FAO. 
Calculating land capability classes:  DAFWA’s methodology uses five capability classes 
(shown in Table 5) to describe the land’s ability to sustain a particular use without adverse 
environmental effects.  The calculation of land capability is based on a worst limiting factor 
approach (also called a single worst factor scheme by van de Graaff 1988).  Individual land 
qualities are assigned to capability classes depending on the degree of influence each land 
quality has on a particular land use (for an example see Table 27 in Section 3.3.1).  The 
overall land capability will be determined by the most limiting land quality (see Figure 3).  
Note that even though wind erosion and salinity limit perennial horticulture to class 3, there is 
no compounding effect.  Perennial horticulture simply has a final rating of class 3. 
                                                
7 For example, in drier regions a land degradation problem such as salinity may take 50 years or more to develop 
as a result of land clearing. 
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Table 5.  Land capability classes (adapted from Wells and King 1989) 
Capability class General description 
1 
Very high  
Very few physical limitations present and easily overcome.  Risk of land degradation 
is negligible8. 
2 
High  
Minor physical limitations affecting either productive land use and/or risk of 
degradation.  Limitations overcome by careful planning. 
3 
Fair  
Moderate physical limitations significantly affecting productive land use and/or risk of 
degradation.  Careful planning and conservation measures required9. 
4 
Low  
High degree of physical limitation not easily overcome by standard development 
techniques and/or resulting in high risk of degradation.  Extensive conservation 
measures and careful ongoing management required. 
5 
Very low  
Severe limitations.  Use is usually prohibitive in terms of development costs or the 
associated risk of degradation. 
Land Characteristic 
slope 
(e.g. 0-5%) 
topsoil texture 
(sandy loam) 
site drainage 
(e.g. moderately well)
pH 
(e.g. 6.3) 
Land Quality
wind erosion hazard
(moderate)
salinity risk
(partial risk)
soil workability
(good) 
Land Quality Rating
for annual horticulture:
4
1
3
Land Capability Class 
for annual horticulture:
 4 
for perennial horticulture:
 3 
Landuse Independent Landuse Dependent 
1.  Estimation of 
land qualities 
2. Rating of land
qualities
3. Calculation of land 
capability classes 
for perennial horticulture:
3
3
1 (Limited by 
wind erosion and 
salinity) 
(Limited by 
wind erosion)
 
Figure 3. Calculation of land capability 
2.5.1 Displaying capability ratings on maps 
Virtually all of DAFWA’s soil-landscape mapping units comprise a number of unmapped land 
units covering the variation of soils and landscapes within the map unit (see Section 2.4, 
Proportional mapping).  As these land units typically have a range of capability ratings, it is 
uncommon for a single rating for any land use to apply to the entire map unit.  This presents 
a challenge when representing capability ratings cartographically.  Two methods of 
displaying capability ratings on maps that are used routinely in WA, e.g. in AGMAP CD-
ROMs (Department of Agriculture), are discussed below.   
                                                
8 Experience has shown that very few land use developments have no negative effect on degradation, hence capability class 1 
will not occur for most land uses employing conventional management and development techniques. 
9 Class 3 is often the largest category of land.  It can be highly productive agricultural land which requires the adoption of certain 
land management practices to minimise the risk of degradation (e.g. the establishment of windbreaks to reduce wind erosion).  
In other cases class 3 could be less productive than class 2 land. 
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2.5.2 Single value percentage capability maps 
When proportional mapping has been used, the legend can show either high or low capability 
land greater or less than a particular per cent, e.g. a percentage map legend showing very 
high (class 1) and high (class 2) capability land. 
Map legend 
High or very high land capability for ‘land use x’ 
>70%  
50-70% 
30-50% 
<30% 
0% 
The cut-off values used in the example are a good starting point for many regional scale 
surveys and the land uses described in this report.  However it is not uncommon to introduce 
additional categories.  Maps produced should be carefully considered before being used for 
important policy or planning decisions.  It is not unusual for the look of a map to change 
dramatically depending on whether, for example >10 per cent or ≥10 per cent is used.  This 
is because proportional allocations are often rounded to the nearest 5 or 10 per cent, hence 
10 per cent is likely to be much more common than 11 per cent.  In the absence of additional 
land resource information, it is now fairly common practice to use ‘expert’ opinion and local 
knowledge to help judge if maps are a good representation of reality. 
The advantage of single value percentage maps is that they are simple to interpret.  It is 
often desirable to keep the null (0%) value to show map units where no high or very high 
capability land occurs at all.  However, a disadvantage in the example above is that the map 
does not indicate if the remaining land is low or fair capability.  For example a map might be 
0 per cent classes 1 and 2, however all the remaining land might be class 3, hence 0 per 
cent classes 1 and 2 does not necessarily indicate low capability.   
To overcome this you might also prepare a map which shows classes 1, 2 and 3 grouped, as 
well as a map showing classes 4 and 5.  Unfortunately the number of maps created quickly 
gets out of hand, particularly if considering several land uses.  An alternative is to provide a 
coded range of values that combines high, fair and low capability land on one map.  This is 
considered in the following section. 
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2.5.3 Coded proportional land capability maps 
A technique for displaying capability on maps involves reducing the five classes to three by 
combining classes 1 and 2 (high capability) and combining classes 4 and 5 (low capability).  
The map unit is then classified as: 
• Category A land if there is 50% or more high capability zone land units (A1 if there is  
70-100% high capability and A2 if there is 50-69%). 
• Category B land if there is less than 50% high capability zone land units but 50% or 
more moderate or high capability zone land units (B1 if there is 70-100% moderate 
capability and B2 if there is 50-69%). 
• Category C land if there is 50% or more low capability zone land units (C1 if there is  
50-69% low capability and C2 if there is 70-100%). 
For example, 5% of one map unit may have a class 1 rating for a given land use, with 35% 
having a class 2 rating, 20% a class 3 rating, 30% class 4 and 10% class 5.  The map unit 
described here has 40% high capability zone land units, 20% moderate capability and 40% 
low capability zone land units.  This is not enough to qualify as Category A land, but as there 
is 60% moderate to high capability it becomes Category B2.   
Figure 4 shows a standard legend for a capability map, while Figure 5 demonstrates the 
categories graphically with the aid of a capability triangle. 
 
Figure 4. Standard capability map key 
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Figure 5. Land capability triangle 
Land capability SQL statements for six areas, combining classes 1, 2 and 3 land 
Iif([AH1 and 2 ] > 69, ’A1’, Iif ([AH1 and 2 ] > 49, ’A2’, Iif ([AH12 and 3] > 69,’B1’, Iif ([AH12 
and 3] > 49, ’B2’, Iif ([AH12 and 3] > 29,’C1’, ’C2’)))))) 
2.6 Structure of the land resource information presented 
Section 3 provides a summary of land resource survey-derived information.  It is divided into 
three parts: 
2.6.1 Broad overview maps 
Three overview maps show the local authority boundaries (Figure 6), Department of 
Environment and Conservation land (Figure 7) and rainfall isohyets (Figure 8).  This is 
necessary to help establish the regional context of the information presented. 
2.6.2 Land quality report 
Section 3.2 provides an overview of 10 land qualities for the South-West Agricultural Region.  
The overview for each land quality consists of three parts: 
1. description of the land quality;  
2. degradation risk map indicating areas suffering, or most likely to suffer, from the 
negative effects of a particular land quality; and 
3. two tables listing the absolute (in ha) and relative (percentage) area of land within each 
land quality category for the 97 shires within the region mapped.  The degradation 
areas are for land classed as dryland and irrigated agriculture (NLWRA 1996).  Two 
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figures are given in the degradation risk percentage tables, one based on the area 
available to agriculture, and the second based on the total shire area in the agricultural 
region.  Note that some shires are not contained entirely within the agricultural region, 
e.g. Yalgoo, and the shire area reported is only that within the agricultural region.  (The 
rating values are from van Gool et al. 2005.) 
The individual descriptions for each land quality are based on the following general format: 
Description General description of particular land quality;  What does it assess?  How is it 
measured?  What does it indicate?  Importance to general agriculture and in 
particular to horticulture.  How relevant or widespread is it?  
Causes How and why does the problem occur?  This is particularity relevant for those land 
qualities which relate to land degradation issues. 
Effect How does the land quality affect land uses?  What are the results of failing to 
address or consider the particular land quality? 
Susceptible 
soils & 
occurrence 
Which soils/landforms are affected; makes reference to the map.  This section may 
also refer to the standard Soil groups for WA as described in Schoknecht (2002).  
These soil group names are printed in italics. 
The term South-West Agricultural Region refers to the total area of land mapped 
under DAFWA’s land resource mapping program and roughly corresponds to the 
area south-west of a line from Geraldton to Esperance.  Its total area is 
approximately 26.6 Mha. 
Management Description of strategies to minimise, control or remedy the degradation risks 
associated with the particular land quality. 
2.6.3 Land capability report 
Section 3.3 provides a land capability assessment for four common land uses within the 
South-West Agricultural Region.  Similar to land qualities, the overview for each land use will 
consist of three parts: 
1. description of the land use; 
2. land capability map based on the land capability classes in Table 5 indicating the land 
areas with physical properties most suited to the particular land use; and  
3. two tables listing the absolute (in ha) and relative (percentage) area within each land 
capability class for the 97 shires within the region being mapped. 
Individual descriptions for each land capability are based on the following general format: 
Description Definition of land use. 
Notes General comments relating to the particular land use and the way assessment 
should be interpreted.  May refer to the patterns observed on the diagram. 
Assessment 
factors 
A listing of the land qualities used in the assessment and description of their 
influence on the particular land use.  The order in which the land qualities are 
discussed is, as far as possible, a reflection of the degree of influence they have on 
the particular land use.  Those land qualities which greatly affect the rating are 
listed first while those land qualities which are primarily management factors and 
can be readily overcome by standard management practices, are listed last.  As the 
land capability assessment is based on the full set of land qualities described by 
van Gool et al. (2005), this section will refer to some land qualities not listed in 
Section 3.2. 
Rating table Rating on which the land capability assessment was based. 
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3. Summary of land resources 
“A nation that destroys its soil destroys itself’”  
Quote from a letter from President Roosevelt to State 
Governors in 1937 during the US ‘Dust Bowl‘ era. 
3.1 Base maps 
Figure 6 and Table 6 show local government authority areas listed by code number.  
Figure 7 shows areas of Department of Environment and Conservation (DEC) Estate 
and Figure 8 indicates rainfall isohyets across the agricultural areas. 
 
 
Figure 6. Local government authorities and code numbers in the South-West Agricultural Region  
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Table 6. Local government authorities in south-west Western Australia 
No. Name No. Name No. Name 
26 Northampton (S) 68 Cunderdin (S) 130 Cuballing (S) 
30 Mullewa (S) 69 Wanneroo (C) 131 Lake Grace (S) 
32 Chapman Valley (S) 70 Northam (S) 132 Ravensthorpe (S) 
35 Greenough (S) 71 Swan (S) 133 Waroona (S) 
36 Geraldton (C) 73 York (S) 134 Williams (S) 
37 Morawa (S) 74 Bruce Rock (S) 135 Narrogin (S) 
38 Perenjori (S) 75 Mundaring (S) 137 Harvey (S) 
39 Mingenew (S) 76 Narembeen (S) 138 Dumbleyung (S) 
40 Irwin (S) 77 Quairading (S) 139 Collie (S) 
41 Three Springs (S) 78 Stirling (C) 140 Wagin (S) 
42 Carnamah (S) 79 Bayswater (C) 141 West Arthur (S) 
43 Mount Marshall (S) 84 Belmont (C) 142 Kent (S) 
44 Yilgarn (S) 85 Kalamunda (S) 143 Dardanup (S) 
45 Dalwallinu (S) 92 Beverley (S) 144 Bunbury (C) 
46 Coorow (S) 97 Canning (C) 145 Capel (S) 
47 Dandaragan (S) 100 Melville (C) 146 Woodanilling (S) 
50 Moora (S) 101 Gosnells (C) 147 Donnybrook-Balingup (S) 
51 Mukinbudin (S) 106 Armadale (C) 148 Katanning (S) 
52 Westonia (S) 107 Cockburn (C) 149 Boyup Brook (S) 
53 Koorda (S) 109 Corrigin (S) 150 Jerramungup (S) 
54 Wongan-Ballidu (S) 111 Serpentine-Jarrahdale (S) 151 Busselton (S) 
55 Victoria Plains (S) 112 Kwinana (T) 152 Kojonup (S) 
56 Dowerin (S) 113 Kondinin (S) 153 Gnowangerup (S) 
57 Gingin (S) 114 Brookton (S) 154 Broomehill (S) 
58 Nungarin (S) 115 Wandering (S) 155 Bridgetown-Greenbushes (S) 
59 Trayning (S) 116 Rockingham (C) 156 Nannup (S) 
60 Wyalkatchem (S) 123 Pingelly (S) 157 Augusta-Margaret River (S) 
61 Goomalling (S) 124 Murray (S) 158 Tambellup (S) 
62 Chittering (S) 125 Mandurah (C) 159 Cranbrook (S) 
63 Merredin (S) 126 Kulin (S) 160 Manjimup (S) 
65 Toodyay (S) 127 Boddington (S) 161 Albany (S) 
66 Kellerberrin (S) 128 Wickepin (S) 162 Plantagenet (S) 
67 Tammin (S) 129 Esperance (S) 163 Denmark (S) 
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Figure 7. Extent of land managed by the Department of Environment and Conservation (DEC) 
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Figure 8. Rainfall isohyets (1961-1990) for south-west Western Australia (Bureau of Meteorology) 
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3.2 Land quality diagrams and descriptions 
3.2.1 Susceptibility to water repellence 
Description Water repellence is a non-wetting condition causing water droplets to bead on the 
dry soil surface rather than penetrate the soil.  The problem is generally most notable 
in autumn, during heavy rainfalls immediately following the dry summer period.  
Repellence generally decreases in winter as most soils eventually become wet, and 
gradually increases again in late spring and summer. 
Causes Certain hydrophobic organic compounds within the soil coat the soil particles 
rendering them water repellent.  The risk of water repellence is linked to the amount 
of these hydrophobic compounds present in relation to the surface area of the soil 
particles (Rogers 1996).  Soil materials with a low surface area (i.e. sands) are most 
susceptible to water repellence. 
Hydrophobic compounds which induce water repellence are produced by the 
decomposition of plants, although some controversy exists about the specific nature 
of this process.  Some land uses and crop rotations, especially those including 
legumes, appear to induce greater degrees of water repellence than others. 
Effect Water repellence results in an uneven wetting pattern characterised by alternating 
patches of wet and dry soil.  This causes two distinct problems: 1) On sloping land, 
patches of soil exhibiting the condition will remain completely dry after rainfall and 
seeds will not germinate, dramatically affecting agricultural production; 2) the 
decreased rainfall penetration and corresponding increase in runoff causes 
increased water erosion risk. 
Susceptible 
soils & 
occurrence 
Water repellence is predominantly associated with coarse-textured sandy soils with 
low (generally <5%) clay content.  Soil groups in the agricultural region that have the 
highest high water repellence are Pale deep sands (947,200 ha), Alkaline grey 
shallow sandy duplexes (909,700 ha), Grey deep sandy duplexes (780,100 ha) and 
Gravelly pale deep sands (236,500 ha). 
Water repellence is particular prevalent in northern coastal regions (see Figure 9).  
For example, all the LGAs with greater than 40% of agriculture with highly water 
repellent soils are on the coastal plain.  The total area of high water repellence in the 
agricultural region is about 3.3 Mha, or 18% of agricultural soils. 
Management Cultivation techniques include furrow sowing to concentrate rainfall where seed is 
placed and increased tillage during or immediately after rain, to mix the soil or bury 
the water repellent layer.  But increased tillage may increase erosion risk, adversely 
affect soil structure, reduce soil moisture storage and depress biological activity.  
There is some evidence that water repellence can be reduced via no-till crop 
establishment techniques.  This may be due to better moisture conservation and 
improved microbial activity, causing a decrease in the development of hydrophobic 
compounds, and/or improved water movement along old roots. 
Land use and crop rotations also affect water repellence.  For example, legumes 
tend to induce water repellence while continuous cereal cropping may reduce it 
(McGhie and Posner 1981).  Some species, such as pines and tagasaste, are better 
adapted to water repellent soils than others (Moore and Blackwell 1998). 
The application of wetting agents (surfactants) to mitigate water repellence is 
feasible for more intensive agricultural activities such as horticulture.  In irrigated 
agriculture, non-wetting soils can also be managed by irrigation practices which 
ensure that the soil does not dry out completely.  Clay has been used for some time 
as a ‘natural’ wetting agent, and was first suggested by Oades (1992).  Research 
has shown that clays rich in kaolinite are most effective in treating repellence 
(McKissock et al. 2000). Other compounds, such as bauxite residue, generally used 
to improve fertility and nutrient retention properties of sandy soils, would have a 
similar effect (EPA 1993). 
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Figure 9. Areas of high susceptibility to water repellence 
LAND RESOURCES IN THE SOUTH-WEST AGRICULTURAL REGION 
 28
Table 7. Susceptibility to water repellence in hectares by shire area 
Shire name Nil and Low Moderate High DEC Estate Other (not  mapped) 
Total area 
(agricultural region) 
Albany (C)  77,006   106,847   119,663   112,463   9,876   425,855  
Armadale (C)  3,889   1,104   2,505   44,635   3,645   55,777  
Augusta-Margaret River (S)  31,595   22,792   8,730   145,314   16,330   224,762  
Beverley (S)  72,621   35,084   55,462   65,319   8,275   236,761  
Boddington (S)  37,528   14,604   4,749   130,766   4,161   191,808  
Boyup Brook (S)  97,528   48,219   32,708   102,541   1,406   282,401  
Bridgetown-Greenbushes (S)  39,026   7,883   4,630   80,371   1,770   133,681  
Brookton (S)  64,610   44,475   26,233   20,101   4,587   160,006  
Broomehill (S)  40,701   39,410   32,797   2,561   1,696   117,164  
Bruce Rock (S)  164,575   66,726   23,096   11,953   5,977   272,327  
Bunbury (C)  330   30   344   1,558   4,004   6,265  
Busselton (S)  33,952   26,340   14,230   53,480   16,989   144,992  
Capel (S)  12,472   4,419   11,478   17,066   10,305   55,740  
Carnamah (S)  84,184   50,831   44,962   104,120   2,916   287,013  
Chapman Valley (S)  170,903   112,212   11,948   72,051   4,301   371,415  
Chittering (S)  41,961   22,332   14,329   28,746   14,330   121,698  
Cockburn (C)  341   18   1,102   1,213   11,920   14,594  
Collie (S)  7,944   3,284   1,923   153,652   3,337   170,140  
Coorow (S)  87,966   118,879   63,197   147,100   1,515   418,656  
Corrigin (S)  134,421   95,629   31,079   4,994   1,887   268,011  
Cranbrook (S)  91,159   83,040   64,439   86,635   1,970   327,242  
Cuballing (S)  63,447   24,468   10,583   15,975   4,969   119,443  
Cunderdin (S)  67,458   59,107   57,562   544   1,421   186,092  
Dalwallinu (S)  240,483   274,394   9,547   52,876   19,381   596,680  
Dandaragan (S)  70,666   173,501   145,867   277,790   2,807   670,631  
Dardanup (S)  13,929   2,383   3,667   24,876   7,957   52,812  
Denmark (S)  19,370   7,712   11,935   145,768   927   185,713  
Donnybrook-Balingup (S)  49,609   8,303   2,638   94,020   1,367   155,937  
Dowerin (S)  86,107   72,634   17,104   4,001   6,300   186,145  
Dumbleyung (S)  95,112   65,866   74,541   16,783   1,554   253,856  
Esperance (S)  450,945   810,593   248,834   1,053,674   7,828   2,571,874  
Geraldton (C)  744   366   212   956   568   2,846  
Gingin (S)  35,173   67,810   49,585   158,139   9,740   320,448  
Gnowangerup (S)  151,558   103,169   103,165   56,196   12,217   426,305  
Goomalling (S)  58,541   69,072   49,847   3,497   2,425   183,381  
Gosnells (C)  2,507   605   2,266   3,067   4,341   12,787  
Greenough (S)  84,758   40,111   29,437   17,815   2,851   174,971  
Harvey (S)  31,074   3,742   12,212   96,551   27,255   170,835  
Irwin (S)  15,960   56,608   57,640   105,588   1,060   236,856  
Jerramungup (S)  184,390   148,652   91,348   218,447   8,626   651,462  
Kalamunda (S)  2,128   1,065   904   26,514   1,746   32,357  
Katanning (S)  52,024   41,220   47,644   10,291   554   151,733  
Kellerberrin (S)  104,023   44,857   31,508   7,659   3,352   191,398  
Kent (S)  181,899   102,668   143,429   129,908   4,473   562,377  
Kojonup (S)  82,984   121,035   60,033   18,217   10,622   292,890  
Kondinin (S)  232,690   91,026   42,941   43,340   12,921   422,918  
Koorda (S)  114,204   124,539   6,143   27,567   10,606   283,058  
Kulin (S)  181,529   142,230   88,264   42,310   16,612   470,945  
Kwinana (T)  307   12   758   1,491   9,347   11,915  
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Shire name Nil and Low Moderate High DEC Estate Other (not  mapped) 
Total area 
(agricultural region) 
Lake Grace (S)  429,682   174,505   182,597   221,039   19,803   1,027,627  
Mandurah (C)  482   324   502   9,222   7,547   18,076  
Manjimup (S)  48,172   13,679   8,719   615,101   9,291   694,962  
Merredin (S)  153,566   116,903   26,466   25,438   6,836   329,208  
Mingenew (S)  108,541   35,990   37,749   10,232   945   193,458  
Moora (S)  165,312   135,042   41,886   29,146   4,596   375,982  
Morawa (S)  176,238   77,280   266   47,776   5,226   306,787  
Mount Marshall (S)  172,007   217,625   7,637   34,287   23,171   454,728  
Mukinbudin (S)  116,197   120,576   4,796   25,988   10,498   278,056  
Mullewa (S)  275,760   177,962   13,062   29,144   417   496,345  
Mundaring (S)  4,106   8,720   667   48,998   1,804   64,294  
Murray (S)  31,975   6,147   21,825   91,120   17,501   168,568  
Nannup (S)  21,741   6,180   7,457   256,479   1,239   293,096  
Narembeen (S)  253,090   95,452   15,545   13,619   5,444   383,150  
Narrogin (S)  63,360   43,788   33,709   15,669   5,129   161,654  
Narrogin (T)  335   128   57   730   63   1,313  
Northam (S)  60,692   30,330   21,173   22,290   5,864   140,350  
Northam (T)  1,798   282   307   2   203   2,593  
Northampton (S)  125,964   183,741   58,140   54,428   6,275   428,549  
Nungarin (S)  58,655   32,799   3,081   17,721   4,029   116,285  
Perenjori (S)  180,463   174,290   2,435   13,312   3,579   374,078  
Pingelly (S)  64,636   38,103   12,664   8,821   5,073   129,297  
Plantagenet (S)  108,202   102,994   86,957   185,529   3,894   487,576  
Quairading (S)  96,179   61,682   35,760   4,693   3,186   201,499  
Ravensthorpe (S)  95,315   234,474   66,663   728,572   4,750   1,129,774  
Rockingham (C)  2,444   113   1,600   932   19,184   24,271  
Serpentine-Jarrahdale (S)  17,004   2,968   12,101   47,782   9,569   89,424  
Swan (S)  16,976   15,775   12,691   44,297   13,756   103,495  
Tambellup (S)  44,999   49,373   40,746   7,130   1,324   143,572  
Tammin (S)  47,525   31,898   26,231   3,410   1,042   110,106  
Three Springs (S)  84,622   68,390   68,220   43,513   909   265,654  
Toodyay (S)  41,106   28,598   15,874   77,972   5,617   169,167  
Trayning (S)  84,454   59,976   8,352   7,255   4,963   164,999  
Victoria Plains (S)  111,457   81,139   43,340   16,641   2,286   254,864  
Wagin (S)  47,964   67,495   65,800   10,055   3,123   194,437  
Wandering (S)  52,799   20,171   8,413   105,133   3,815   190,331  
Wanneroo (S)  1,613   6,352   9,549   21,234   18,535   57,284  
Waroona (S)  16,102   1,555   8,617   48,575   8,272   83,121  
West Arthur (S)  60,585   93,254   60,458   61,691   7,059   283,048  
Westonia (S)  123,252   77,455   6,414   65,391   13,143   285,655  
Wickepin (S)  81,611   73,790   39,871   6,129   2,464   203,865  
Williams (S)  90,380   48,614   25,565   57,224   8,011   229,793  
Wongan-Ballidu (S)  146,992   158,072   15,851   9,393   5,999   336,307  
Woodanilling (S)  29,024   39,606   36,410   6,097   1,712   112,849  
Wyalkatchem (S)  82,151   53,916   15,585   4,210   3,558   159,420  
Yalgoo (S)  93   188   -  1   282   564  
Yilgarn (S)  310,398   219,752   45,528   159,435   22,788   757,901  
York (S)  74,926   35,555   37,572   59,341   5,707   213,101  
Total  8,349,275   6,884,906   3,264,126   7,412,695   644,504   26,555,507  
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Table 8. Land available to agriculture with susceptibility to water repellence (shaded 
columns) and percentage of total shire area (white columns) 
Shire name Nil and Low (%) Moderate (%) High (%) DEC Estate (%) Other (%) 
Albany (C) 25 18 35 25 39 28 26 2  
Armadale (C) 52 7 15 2 33 4 80 7 
Augusta-Margaret River (S) 50 14 36 10 14 4 65 7 
Beverley (S) 45 31 22 0 34 0 28 3 
Boddington (S) 66 20 26 8 8 2 68 2 
Boyup Brook (S) 55 35 27 17 18 12 36 0 
Bridgetown-Greenbushes (S) 76 29 15 6 9 3 60 1 
Brookton (S) 48 40 33 28 19 16 13 3 
Broomehill (S) 36 35 35 34 29 28 2 1 
Bruce Rock (S) 65 60 26 25 9 8 4 2 
Bunbury (C) 47 5 4 0 49 5 25 64 
Busselton (S) 46 23 35 18 19 10 37 12 
Capel (S) 44 22 16 8 40 21 31 18 
Carnamah (S) 47 29 28 18 25 16 36 1 
Chapman Valley (S) 58 0 38 0 4 0 19 1 
Chittering (S) 53 34 28 18 18 12 24 12 
Cockburn (C) 23 2 1 0 75 8 8 82 
Collie (S) 60 5 25 2 15 1 90 2 
Coorow (S) 33 21 44 28 23 15 35 0 
Corrigin (S) 51 50 37 36 12 12 2 1 
Cranbrook (S) 38 28 35 25 27 20 26 1 
Cuballing (S) 64 53 25 20 11 9 13 4 
Cunderdin (S) 37 36 32 32 31 31 0 1 
Dalwallinu (S) 46 40 52 46 2 2 9 3 
Dandaragan (S) 18 11 44 26 37 22 41 0 
Dardanup (S) 70 26 12 5 18 7 47 15 
Denmark (S) 50 10 20 4 31 6 78 0 
Donnybrook-Balingup (S) 82 32 14 5 4 2 60 1 
Dowerin (S) 49 46 41 39 10 9 2 3 
Dumbleyung (S) 40 37 28 26 32 29 7 1 
Esperance (S) 30 18 54 32 16 10 41 0 
Geraldton (C) 56 26 28 13 16 7 34 20 
Gingin (S) 23 11 44 21 33 15 49 3 
Gnowangerup (S) 42 36 29 24 29 24 13 3 
Goomalling (S) 33 32 39 38 28 27 2 1 
Gosnells (C) 47 20 11 5 42 18 24 34 
Greenough (S) 55 48 26 23 19 17 10 2 
Harvey (S) 66 18 8 2 26 7 57 16 
Irwin (S) 12 7 43 24 44 24 45 0 
Jerramungup (S) 43 28 35 23 22 14 34 1 
Kalamunda (S) 52 7 26 3 22 3 82 5 
Katanning (S) 37 34 29 27 34 31 7 0 
Kellerberrin (S) 58 54 25 23 17 16 4 2 
Kent (S) 43 32 24 18 34 26 23 1 
Kojonup (S) 31 28 46 41 23 20 6 4 
Kondinin (S) 63 55 25 22 12 10 10 3 
Koorda (S) 47 40 51 44 3 2 10 4 
Kulin (S) 44 39 35 30 21 19 9 4 
Kwinana (T) 28 3 1 0 70 6 13 78 
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Shire name Nil and Low (%) Moderate (%) High (%) DEC Estate (%) Other (%) 
Lake Grace (S) 55 42 22 17 23 18 22 2   
Mandurah (C) 37 3 25 2 38 3 51 42   
Manjimup (S) 68 7 19 2 12 1 89 1 
Merredin (S) 52 47 39 36 9 8 8 2 
Mingenew (S) 60 56 20 19 21 20 5 0 
Moora (S) 48 44 39 36 12 11 8 1 
Morawa (S) 69 57 30 25 0 0 16 2 
Mount Marshall (S) 43 38 55 48 2 2 8 5 
Mukinbudin (S) 48 42 50 43 2 2 9 4 
Mullewa (S) 59 56 38 36 3 3 6 0 
Mundaring (S) 30 6 65 14 5 1 76 3 
Murray (S) 53 19 10 4 36 13 54 10 
Nannup (S) 61 7 17 2 21 3 88 0 
Narembeen (S) 70 66 26 25 4 4 4 1 
Narrogin (S) 45 39 31 27 24 21 10 3 
Narrogin (T) 64 25 25 10 11 4 56 5 
Northam (S) 54 43 27 22 19 15 16 4 
Northam (T) 75 69 12 11 13 12 0 8 
Northampton (S) 34 29 50 43 16 14 13 1 
Nungarin (S) 62 50 35 28 3 3 15 3 
Perenjori (S) 51 48 49 47 1 1 4 1 
Pingelly (S) 56 50 33 29 11 10 7 4 
Plantagenet (S) 36 22 35 21 29 18 38 1 
Quairading (S) 50 48 32 31 18 18 2 2 
Ravensthorpe (S) 24 8 59 21 17 6 64 0 
Rockingham (C) 59 10 3 0 38 7 4 79 
Serpentine-Jarrahdale (S) 53 19 9 3 38 14 53 11 
Swan (S) 37 16 35 15 28 12 43 13 
Tambellup (S) 33 31 37 34 30 28 5 1 
Tammin (S) 45 43 30 29 25 24 3 1 
Three Springs (S) 38 32 31 26 31 26 16 0 
Toodyay (S) 48 24 33 17 19 9 46 3 
Trayning (S) 55 51 39 36 5 5 4 3 
Victoria Plains (S) 47 44 34 32 18 17 7 1 
Wagin (S) 26 25 37 35 36 34 5 2 
Wandering (S) 65 28 25 11 10 4 55 2 
Wanneroo (S) 9 3 36 11 55 17 37 32 
Waroona (S) 61 19 6 2 33 10 58 10 
West Arthur (S) 28 21 44 33 28 21 22 2 
Westonia (S) 60 43 37 27 3 2 23 5 
Wickepin (S) 42 40 38 36 20 20 3 1 
Williams (S) 55 39 30 21 16 11 25 3 
Wongan-Ballidu (S) 46 44 49 47 5 5 3 2 
Woodanilling (S) 28 26 38 35 35 32 5 2 
Wyalkatchem (S) 54 52 36 34 10 10 3 2 
Yalgoo (S) 33 17 67 33 0 0 0 50 
Yilgarn (S) 54 41 38 29 8 6 21 3 
York (S) 51 35 24 17 25 18 28 3 
Total 45 31 37 26 18 12 28 2 
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3.2.2 Susceptibility to soil structure decline 
Description Soil structure decline, also sometimes termed soil structure degradation, refers to the 
disintegration of topsoil aggregates into primary particles. 
Cause Excessive tillage is the prime cause (Needham et al. 1998a), however, the specific 
factors which contribute to a soil’s susceptibility are complex.  Soil texture, soil 
chemistry (e.g. organic matter content, exchangeable sodium percentage, electrical 
conductivity, clay mineralogy and calcium to magnesium ratio) and management 
practices all play an important part. 
Effect A decline in soil structure results in reduced pore size and reduced total pore space.  
Decreased soil aeration, reduced water infiltration and increased runoff are the most 
common effects.  Degraded soils generally display poor workability and can only be 
cultivated within a narrow moisture range, often resulting in delayed seeding 
(Needham et al. 1998a).  A common visible symptom of soils suffering from structure 
decline is crusting or hardsetting of the surface.  This crust can also act as a physical 
barrier to crop emergence. 
Susceptible 
soils & 
occurrence 
Soils at highest risk of structure decline are usually fine-textured loamy and clayey 
soils.  Those with the highest susceptibility are Alkaline grey shallow sandy duplex 
(995,200 ha) and Alkaline grey shallow loamy duplex (664,800 ha).  About 3.5 Mha, 
or 15% of the region has high susceptibility to soil structure decline.   
Soils with high risk are prevalent in the Zone of Ancient Drainage to the east of the 
‘Meckering Line’ (east of Northam on Figure 10).  For example, shires with the 
highest proportion rated as high risk are Mount Marshall, Mukinbudin, Morawa and 
Dowerin (43, 41, 40 and 39% respectively).  High risk soils are also found in parts of 
the Avon Valley (Lantzke and Fulton 1993).  However, compared to soils in the Zone 
of Ancient Drainage, most loamy-surfaced soils in the Avon Valley are considered to 
have only moderate risk.  Figure 10 also shows areas of high susceptibility on inland 
regions in the south-east of the agricultural zone near Grass Patch.   
Surface soils with a clayey sand or coarser texture (<8-10% clay) usually lack well 
defined secondary structure and hence are not generally at risk of degradation.  
Such soils are common on the south coast and coastal plain. 
Management Management on dryland farms focuses on minimum tillage and grazing practices.  In 
particular, working the soil when excessively wet should be avoided.  Activities that 
result in rapid loss of organic matter, such as long fallowing in a crop rotation and 
stubble burning, should also be avoided.  In some dispersive soils the application of 
gypsum (hydrated calcium sulphate CaSO4.2H2O) may be of benefit. 
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Figure 10. Areas of high susceptibility to soil structure decline  
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Table 9. Susceptibility to soil structure decline in hectares by shire area 
Shire name Low Moderate High DEC Estate Other (not  mapped) 
Total area 
(agricultural region) 
Albany (C)  280,409   19,598   10,422   112,463   2,963   425,855  
Armadale (C)  6,236   1,116   214   44,635   3,577   55,777  
Augusta-Margaret River (S)  54,901   7,706   715   145,314   16,126   224,762  
Beverley (S)  115,666   42,549   11,294   65,319   1,933   236,761  
Boddington (S)  42,359   14,133   2,835   130,766   1,715   191,808  
Boyup Brook (S)  128,423   46,057   5,045   102,541   335   282,401  
Bridgetown-Greenbushes (S)  31,328   17,933   2,757   80,371   1,291   133,681  
Brookton (S)  91,833   34,880   11,505   20,101   1,688   160,006  
Broomehill (S)  58,833   37,515   18,250   2,561   6   117,164  
Bruce Rock (S)  91,168   113,146   51,532   11,953   4,528   272,327  
Bunbury (C)  493   176   34   1,558   4,004   6,265  
Busselton (S)  59,681   12,491   2,539   53,480   16,801   144,992  
Capel (S)  23,619   3,514   1,283   17,066   10,257   55,740  
Carnamah (S)  131,098   37,683   11,728   104,120   2,384   287,013  
Chapman Valley (S)  195,109   45,573   58,276   72,051   406   371,415  
Chittering (S)  43,079   30,927   6,177   28,746   12,768   121,698  
Cockburn (C)  1,462   -    -    1,213   11,919   14,594  
Collie (S)  11,118   1,828   238   153,652   3,304   170,140  
Coorow (S)  205,931   51,118   13,811   147,100   696   418,656  
Corrigin (S)  120,859   99,199   42,226   4,994   733   268,011  
Cranbrook (S)  196,117   34,862   9,145   86,635   483   327,242  
Cuballing (S)  65,963   27,684   9,585   15,975   235   119,443  
Cunderdin (S)  120,297   41,758   23,289   544   204   186,092  
Dalwallinu (S)  259,733   166,083   104,141   52,876   13,847   596,680  
Dandaragan (S)  365,672   20,769   5,090   277,790   1,310   670,631  
Dardanup (S)  10,654   8,212   1,162   24,876   7,909   52,812  
Denmark (S)  35,340   3,296   854   145,768   454   185,713  
Donnybrook-Balingup (S)  26,788   30,780   3,131   94,020   1,219   155,937  
Dowerin (S)  58,474   71,333   50,900   4,001   1,437   186,145  
Dumbleyung (S)  136,350   70,235   30,457   16,783   32   253,856  
Esperance (S)  1,091,401   210,546   214,280   1,053,674   1,973   2,571,874  
Geraldton (C)  1,203   103   23   956   562   2,846  
Gingin (S)  145,804   5,032   4,671   158,139   6,802   320,448  
Gnowangerup (S)  191,508   83,784   94,801   56,196   17   426,305  
Goomalling (S)  124,369   42,454   12,865   3,497   196   183,381  
Gosnells (C)  4,370   641   376   3,067   4,332   12,787  
Greenough (S)  94,516   47,628   14,594   17,815   419   174,971  
Harvey (S)  29,503   14,900   3,263   96,551   26,619   170,835  
Irwin (S)  124,389   6,421   424   105,588   34   236,856  
Jerramungup (S)  296,631   59,316   74,375   218,447   2,693   651,462  
Kalamunda (S)  3,021   966   157   26,514   1,699   32,357  
Katanning (S)  80,833   46,224   14,367   10,291   18   151,733  
Kellerberrin (S)  86,279   58,274   38,147   7,659   1,039   191,398  
Kent (S)  237,606   142,626   50,824   129,908   1,413   562,377  
Kojonup (S)  183,976   81,500   9,108   18,217   89   292,890  
Kondinin (S)  154,433   171,122   44,035   43,340   9,988   422,918  
Koorda (S)  71,864   127,753   52,060   27,567   3,815   283,058  
Kulin (S)  226,451   145,680   44,249   42,310   12,254   470,945  
Kwinana (T)  1,079   0   0   1,491   9,345   11,915  
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Shire name Low Moderate High DEC Estate Other (not  mapped) 
Total area 
(agricultural region) 
Lake Grace (S)  386,891   336,605   72,724   221,039   10,367   1,027,627  
Mandurah (C)  1,388   1   0   9,222   7,466   18,076  
Manjimup (S)  57,900   12,092   890   615,101   8,980   694,962  
Merredin (S)  140,182   97,742   61,210   25,438   4,636   329,208  
Mingenew (S)  100,197   55,136   27,346   10,232   546   193,458  
Moora (S)  198,699   107,714   39,934   29,146   489   375,982  
Morawa (S)  56,868   123,639   75,216   47,776   3,288   306,787  
Mount Marshall (S)  94,264   219,156   99,541   34,287   7,479   454,728  
Mukinbudin (S)  51,287   139,703   61,025   25,988   52   278,056  
Mullewa (S)  232,533   90,642   143,842   29,144   183   496,345  
Mundaring (S)  11,525   1,909   271   48,998   1,592   64,294  
Murray (S)  48,218   9,737   2,449   91,120   17,043   168,568  
Nannup (S)  27,184   7,171   1,138   256,479   1,124   293,096  
Narembeen (S)  115,805   182,209   68,839   13,619   2,677   383,150  
Narrogin (S)  97,036   39,014   8,253   15,669   1,682   161,654  
Narrogin (T)  313   192   18   730   60   1,313  
Northam (S)  70,877   38,442   8,428   22,290   312   140,350  
Northam (T)  1,133   1,042   344   2   71   2,593  
Northampton (S)  262,042   33,566   76,687   54,428   1,825   428,549  
Nungarin (S)  18,318   53,977   25,764   17,721   505   116,285  
Perenjori (S)  140,071   148,457   69,538   13,312   2,701   374,078  
Pingelly (S)  70,496   40,463   8,635   8,821   882   129,297  
Plantagenet (S)  270,969   15,602   15,191   185,529   285   487,576  
Quairading (S)  102,659   70,944   21,292   4,693   1,912   201,499  
Ravensthorpe (S)  314,056   49,626   36,667   728,572   852   1,129,774  
Rockingham (C)  3,597   319   256   932   19,167   24,271  
Serpentine-Jarrahdale (S)  23,550   6,378   2,269   47,782   9,446   89,424  
Swan (S)  37,101   7,653   1,451   44,297   12,992   103,495  
Tambellup (S)  82,589   35,329   18,523   7,130   1   143,572  
Tammin (S)  59,076   28,393   18,799   3,410   427   110,106  
Three Springs (S)  153,429   51,168   17,331   43,513   213   265,654  
Toodyay (S)  57,692   27,609   5,755   77,972   138   169,167  
Trayning (S)  42,425   75,376   39,824   7,255   120   164,999  
Victoria Plains (S)  129,334   87,525   20,605   16,641   758   254,864  
Wagin (S)  126,540   46,586   11,248   10,055   8   194,437  
Wandering (S)  56,695   21,174   6,455   105,133   874   190,331  
Wanneroo (S)  17,652   308   -    21,234   18,091   57,284  
Waroona (S)  17,640   6,183   2,732   48,575   7,991   83,121  
West Arthur (S)  175,278   38,891   4,871   61,691   2,317   283,048  
Westonia (S)  63,104   102,446   46,755   65,391   7,960   285,655  
Wickepin (S)  113,681   65,360   17,263   6,129   1,433   203,865  
Williams (S)  122,545   38,878   10,120   57,224   1,027   229,793  
Wongan-Ballidu (S)  156,718   115,515   53,555   9,393   1,126   336,307  
Woodanilling (S)  69,803   30,571   6,372   6,097   5   112,849  
Wyalkatchem (S)  49,050   65,966   40,032   4,210   162   159,420  
Yalgoo (S)  141   87   54   1   282   564  
Yilgarn (S)  282,197   236,057   61,296   159,435   18,917   757,901  
York (S)  94,644   48,361   10,135   59,341   621   213,101  
Total  10,923,619   5,348,038   2,482,197   7,412,695   388,957   26,555,507  
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Table 10. Land available to agriculture that is susceptible to soil structure decline 
(shaded columns) and percentage of total shire area (white columns) 
Shire name Low (%) Moderate (%) High (%) DEC Estate (%) Other (%) 
Albany (C) 90 66  6  5  3  2  26  1  
Armadale (C) 82 11  15  2  3  0  80  6  
Augusta-Margaret River (S) 87 24  12  3  1  0  65  7  
Beverley (S) 68 49  25  18  7  5  28  1  
Boddington (S) 71 22  24  7  5  1  68  1  
Boyup Brook (S) 72 45  26  16  3  2  36  0  
Bridgetown-Greenbushes (S) 60 23  34  13  5  2  60  1  
Brookton (S) 66 57  25  22  8  7  13  1  
Broomehill (S) 51 50  33  32  16  16  2  0  
Bruce Rock (S) 36 33  44  42  20  19  4  2  
Bunbury (C) 70 8  25  3  5  1  25  64  
Busselton (S) 80 41  17  9  3  2  37  12  
Capel (S) 83 42  12  6  5  2  31  18  
Carnamah (S) 73 46  21  13  6  4  36  1  
Chapman Valley (S) 65 53  15  12  19  16  19  0  
Chittering (S) 54 35  39  25  8  5  24  10  
Cockburn (C) 100 10  0  0  0  0  8  82  
Collie (S) 84 7  14  1  2  0  90  2  
Coorow (S) 76 49  19  12  5  3  35  0  
Corrigin (S) 46 45  38  37  16  16  2  0  
Cranbrook (S) 82 60  15  11  4  3  26  0  
Cuballing (S) 64 55  27  23  9  8  13  0  
Cunderdin (S) 65 65  23  22  13  13  0  0  
Dalwallinu (S) 49 44  31  28  20  17  9  2  
Dandaragan (S) 93 55  5  3  1  1  41  0  
Dardanup (S) 53 20  41  16  6  2  47  15  
Denmark (S) 89 19  8  2  2  0  78  0  
Donnybrook-Balingup (S) 44 17  51  20  5  2  60  1  
Dowerin (S) 32 31  39  38  28  27  2  1  
Dumbleyung (S) 58  54  30  28  13  12  7  0  
Esperance (S) 72  42  14  8  14  8  41  0  
Geraldton (C) 91  42  8  4  2  1  34  20  
Gingin (S) 94  45  3  2  3  1  49  2  
Gnowangerup (S) 52  45  23  20  26  22  13  0  
Goomalling (S) 69  68  24  23  7  7  2  0  
Gosnells (C) 81  34  12  5  7  3  24  34  
Greenough (S) 60  54  30  27  9  8  10  0  
Harvey (S) 62  17  31  9  7  2  57  16  
Irwin (S) 95  53  5  3  0  0  45  0  
Jerramungup (S) 69  46  14  9  17  11  34  0  
Kalamunda (S) 73  9  23  3  4  0  82  5  
Katanning (S) 57  53  33  30  10  9  7  0  
Kellerberrin (S) 47  45  32  30  21  20  4  1  
Kent (S) 55  42  33  25  12  9  23  0  
Kojonup (S) 67  63  30  28  3  3  6  0  
Kondinin (S) 42  37  46  40  12  10  10  2  
Koorda (S) 29  25  51  45  21  18  10  1  
Kulin (S) 54  48  35  31  11  9  9  3  
Kwinana (T) 100  9  0  0  0  0  13  78  
Lake Grace (S) 49  38  42  33  9  7  22  1  
Mandurah (C) 100  8  0  0  0  0  51  41  
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Shire name Low (%) Moderate (%) High (%) DEC Estate (%) Other (%) 
Manjimup (S) 82  8  17  2  1  0  89  1  
Merredin (S) 47  43  33  30  20  19  8  1  
Mingenew (S) 55  52  30  29  15  14  5  0  
Moora (S) 57  53  31  29  12  11  8  0  
Morawa (S) 22  19  48  40  29  25  16  1  
Mount Marshall (S) 23  21  53  48  24  22  8  2  
Mukinbudin (S) 20  18  55  50  24  22  9  0  
Mullewa (S) 50  47  19  18  31  29  6  0  
Mundaring (S) 84  18  14  3  2  0  76  2  
Murray (S) 80  29  16  6  4  1  54  10  
Nannup (S) 77  9  20  2  3  0  88  0  
Narembeen (S) 32  30  50  48  19  18  4  1  
Narrogin (S) 67  60  27  24  6  5  10  1  
Narrogin (T) 60  24  37  15  3  1  56  5  
Northam (S) 60  51  33  27  7  6  16  0  
Northam (T) 45  44  41  40  14  13  0  3  
Northampton (S) 70  61  9  8  21  18  13  0  
Nungarin (S) 19  16  55  46  26  22  15  0  
Perenjori (S) 39  37  41  40  19  19  4  1  
Pingelly (S) 59  55  34  31  7  7  7  1  
Plantagenet (S) 90  56  5  3  5  3  38  0  
Quairading (S) 53  51  36  35  11  11  2  1  
Ravensthorpe (S) 78  28  12  4  9  3  64  0  
Rockingham (C) 86  15  8  1  6  1  4  79  
Serpentine-Jarrahdale (S) 73  26  20  7  7  3  53  11  
Swan (S) 80  36  17  7  3  1  43  13  
Tambellup (S) 61  58  26  25  14  13  5  0  
Tammin (S) 56  54  27  26  18  17  3  0  
Three Springs (S) 69  58  23  19  8  7  16  0  
Toodyay (S) 63  34  30  16  6  3  46  0  
Trayning (S) 27  26  48  46  25  24  4  0  
Victoria Plains (S) 54  51  37  34  9  8  7  0  
Wagin (S) 69  65  25  24  6  6  5  0  
Wandering (S) 67  30  25  11  8  3  55  0  
Wanneroo (S) 98  31  2  1  0  0  37  32  
Waroona (S) 66  21  23  7  10  3  58  10  
West Arthur (S) 80  62  18  14  2  2  22  1  
Westonia (S) 30  22  48  36  22  16  23  3  
Wickepin (S) 58  56  33  32  9  8  3  1  
Williams (S) 71  53  23  17  6  4  25  0  
Wongan-Ballidu (S) 48  47  35  34  16  16  3  0  
Woodanilling (S) 65  62  29  27  6  6  5  0  
Wyalkatchem (S) 32  31  43  41  26  25  3  0  
Yalgoo (S) 50  25  31  15  19  10  0  50  
Yilgarn (S) 49  37  41  31  11  8  21  2  
York (S) 62  44  32  23  7  5  28  0  
Total: 58  41  29  20  13  9  28  1  
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3.2.3 Susceptibility to subsurface compaction  
Description Subsurface compaction refers to a physical compaction10 and hardening of the 
subsurface layer (i.e. 10 to 60 cm below the surface) as a result of applied stress. 
Cause The main cause in tilled soils is wheeled vehicular traffic, especially heavy dual-axle 
tractors (Needham et al. 1998a) resulting in development of a traffic pan.  Repeated 
tilling over many years at constant depths may also result in subsurface compaction 
and development of what is termed a plough pan.  Plough pans are characterised 
by an abrupt boundary between the tilled soil and the compacted layer and usually 
occur at shallower depth than traffic pans, which have their layer of maximum 
strength at 10 to 40 cm (Needham et al. 1998a).  Stock trampling may contribute to 
general compaction, but its effects are confined to the upper 15 cm (Willatt and 
Pullar 1983).  Subsurface compaction is normally associated with dryland cropping, 
but may occur in orchards when heavy machinery is used (Smith et al. 1969). 
Effect Subsurface compaction adversely affects plant growth and crop yields as a result of 
decreased water and nutrient storage capacity, decreased rooting depth and root 
density.  This reduces plant access to water and uptake of mobile nutrients 
(especially N and K).  For example, Boels (1982, cited in van Lier 1994) estimates 
that the yield of potatoes in a dry year is about 35  higher on loose soil than soil with 
a plough pan.  Subsurface compaction also increases the harmful effects of 
pathogens resident in the topsoil (Wilson 1986). 
Effects are especially noticeable in well drained, coarse-textured soils where 
nutrients are leached rapidly and water percolates quickly to inaccessible depth.  
However, plant response is very much species- and cultivar-dependent.  For 
example, narrow-leafed lupins are less affected than cereals (Henderson 1989). 
Susceptible 
soils & 
occurrence 
The three most factors important appear to be soil moisture, particle size 
distribution and particle shape (Needham et al. 1998b).  Moist soils are more 
susceptible than dry soils.  Soils displaying well graded particle size distribution (i.e. 
mixture of particle sizes), especially in the loamy sand to sandy loam texture 
classes, are more susceptible than narrowly graded soils.  Rounded particles 
compact more than angular or roughly shaped particles.  Low organic matter 
increases susceptibility. 
Soils with the most high subsurface compaction susceptibility are Yellow sandy 
earths (625,100 ha), Loamy gravels (614,200 ha), Yellow deep sands (593,600 ha) 
and Yellow/brown deep sandy duplexes (505,000 ha). 
A relatively large proportion of the agricultural region - 6.1 Mha or 32  of agricultural 
land - is assessed as being at high risk of subsurface compaction (Table 12).  Most 
highly susceptible soils occur in the Zone of Ancient Drainage east of the Meckering 
Line.  Many soils with high susceptibility are in high rainfall areas (Figure 11).  
Management Management of risk focuses on reduction in vehicular traffic and/or use of lighter 
machinery.  For example, minimum tillage reduces traffic and retains soil organic 
matter.  Rubber tracks could be used instead of tyres as they better distribute the 
machinery weight and reduce the width of compaction.  Operations should be timed 
to avoid traffic when the soil is wet.   
Deep ripping is often used to ameliorate subsoil compaction (Hall et al. 1994) and 
can increase yields (Jarvis and Porritt 1985, Henderson 1991).  Research has 
shown that gypsum application in conjunction with deep ripping is important in 
reforming the soil structure and slowing the recompaction process (Hamza and 
Anderson 2002, 2003). 
                                                
10 Hardened subsurface layers may also result from chemical processes such as precipitation of iron, carbonates 
or silica, but the term subsurface compaction refers to hard layers resulting from physical compaction. 
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Figure 11. Areas of high susceptibility to subsurface compaction 
 
LAND RESOURCES IN THE SOUTH-WEST AGRICULTURAL REGION 
 40
Table 11. Susceptibility to subsurface compaction in hectares by shire area 
Shire name Low Moderate High DEC Estate Other (not  mapped) 
Total area 
(agricultural region) 
Albany (C)  61,238   189,447   59,744   112,463   2,963   425,855  
Armadale (C)  1,884   3,271   2,411   44,635   3,577   55,777  
Augusta-Margaret River (S)  11,945   26,462   24,914   145,314   16,126   224,762  
Beverley (S)  33,302   92,321   43,886   65,319   1,933   236,761  
Boddington (S)  14,490   14,561   30,276   130,766   1,715   191,808  
Boyup Brook (S)  26,490   60,977   92,059   102,541   335   282,401  
Bridgetown-Greenbushes (S)  10,217   17,732   24,070   80,371   1,291   133,681  
Brookton (S)  28,132   61,357   48,729   20,101   1,688   160,006  
Broomehill (S)  37,796   56,059   20,743   2,561   6   117,164  
Bruce Rock (S)  74,838   81,594   99,414   11,953   4,528   272,327  
Bunbury (C)  75   433   196   1,558   4,004   6,265  
Busselton (S)  11,815   30,544   32,351   53,480   16,801   144,992  
Capel (S)  4,278   15,990   8,148   17,066   10,257   55,740  
Carnamah (S)  13,646   89,515   77,348   104,120   2,384   287,013  
Chapman Valley (S)  21,208   139,373   138,377   72,051   406   371,415  
Chittering (S)  18,061   29,048   33,074   28,746   12,768   121,698  
Cockburn (C)  202   1,127   133   1,213   11,919   14,594  
Collie (S)  1,642   4,462   7,080   153,652   3,304   170,140  
Coorow (S)  21,894   131,189   117,776   147,100   696   418,656  
Corrigin (S)  72,615   96,708   92,961   4,994   733   268,011  
Cranbrook (S)  47,359   125,238   67,527   86,635   483   327,242  
Cuballing (S)  25,434   27,491   50,308   15,975   235   119,443  
Cunderdin (S)  51,637   69,267   64,441   544   204   186,092  
Dalwallinu (S)  72,721   128,203   329,033   52,876   13,847   596,680  
Dandaragan (S)  26,640   276,495   88,397   277,790   1,310   670,631  
Dardanup (S)  2,726   8,673   8,628   24,876   7,909   52,812  
Denmark (S)  10,293   21,347   7,850   145,768   454   185,713  
Donnybrook-Balingup (S)  7,947   21,803   30,948   94,020   1,219   155,937  
Dowerin (S)  78,671   32,592   69,444   4,001   1,437   186,145  
Dumbleyung (S)  95,204   84,866   56,972   16,783   32   253,856  
Esperance (S)  555,117   869,160   91,950   1,053,674   1,973   2,571,874  
Geraldton (C)  29   577   722   956   562   2,846  
Gingin (S)  13,560   121,589   20,357   158,139   6,802   320,448  
Gnowangerup (S)  195,608   111,697   62,788   56,196   17   426,305  
Goomalling (S)  27,108   89,717   62,862   3,497   196   183,381  
Gosnells (C)  836   2,949   1,602   3,067   4,332   12,787  
Greenough (S)  23,803   64,153   68,781   17,815   419   174,971  
Harvey (S)  8,710   22,561   16,395   96,551   26,619   170,835  
Irwin (S)  7,413   104,038   19,783   105,588   34   236,856  
Jerramungup (S)  146,258   235,914   48,151   218,447   2,693   651,462  
Kalamunda (S)  595   1,502   2,048   26,514   1,699   32,357  
Katanning (S)  44,462   65,111   31,851   10,291   18   151,733  
Kellerberrin (S)  72,434   63,119   47,148   7,659   1,039   191,398  
Kent (S)  178,518   157,777   94,761   129,908   1,413   562,377  
Kojonup (S)  47,810   128,973   97,801   18,217   89   292,890  
Kondinin (S)  94,246   89,913   185,431   43,340   9,988   422,918  
Koorda (S)  51,838   84,114   115,725   27,567   3,815   283,058  
Kulin (S)  112,121   138,975   165,283   42,310   12,254   470,945  
Kwinana (T)  125   805   149   1,491   9,345   11,915  
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Shire name Low Moderate High DEC Estate Other (not  mapped) 
Total area 
(agricultural region) 
Lake Grace (S)  266,640   256,782   272,799   221,039   10,367   1,027,627  
Mandurah (C)  81   881   427   9,222   7,466   18,076  
Manjimup (S)  15,730   36,618   18,532   615,101   8,980   694,962  
Merredin (S)  112,453   93,291   93,390   25,438   4,636   329,208  
Mingenew (S)  56,456   79,176   47,047   10,232   546   193,458  
Moora (S)  74,313   128,361   143,674   29,146   489   375,982  
Morawa (S)  18,024   168,002   69,698   47,776   3,288   306,787  
Mount Marshall (S)  99,081   123,009   190,871   34,287   7,479   454,728  
Mukinbudin (S)  69,325   75,832   106,859   25,988   52   278,056  
Mullewa (S)  26,008   263,470   177,539   29,144   183   496,345  
Mundaring (S)  4,519   1,674   7,511   48,998   1,592   64,294  
Murray (S)  13,581   29,574   17,250   91,120   17,043   168,568  
Nannup (S)  10,444   14,784   10,266   256,479   1,124   293,096  
Narembeen (S)  100,663   97,885   168,306   13,619   2,677   383,150  
Narrogin (S)  27,450   63,481   53,372   15,669   1,682   161,654  
Narrogin (T)  66   153   304   730   60   1,313  
Northam (S)  24,262   47,833   45,653   22,290   312   140,350  
Northam (T)  737   1,137   645   2   71   2,593  
Northampton (S)  68,005   238,572   65,719   54,428   1,825   428,549  
Nungarin (S)  35,887   30,638   31,534   17,721   505   116,285  
Perenjori (S)  35,744   107,587   214,735   13,312   2,701   374,078  
Pingelly (S)  25,625   44,163   49,806   8,821   882   129,297  
Plantagenet (S)  68,929   153,708   79,125   185,529   285   487,576  
Quairading (S)  52,331   64,450   78,113   4,693   1,912   201,499  
Ravensthorpe (S)  168,390   206,939   25,021   728,572   852   1,129,774  
Rockingham (C)  776   2,057   1,340   932   19,167   24,271  
Serpentine-Jarrahdale (S)  8,215   15,209   8,772   47,782   9,446   89,424  
Swan (S)  10,404   21,781   14,020   44,297   12,992   103,495  
Tambellup (S)  41,714   63,931   30,796   7,130   1   143,572  
Tammin (S)  41,841   34,679   29,748   3,410   427   110,106  
Three Springs (S)  23,550   136,967   61,411   43,513   213   265,654  
Toodyay (S)  18,734   31,850   40,472   77,972   138   169,167  
Trayning (S)  59,183   41,527   56,914   7,255   120   164,999  
Victoria Plains (S)  39,092   96,339   102,033   16,641   758   254,864  
Wagin (S)  34,992   109,193   40,189   10,055   8   194,437  
Wandering (S)  23,751   20,386   40,187   105,133   874   190,331  
Wanneroo (S)  1,948   15,468   544   21,234   18,091   57,284  
Waroona (S)  8,028   12,006   6,520   48,575   7,991   83,121  
West Arthur (S)  35,306   111,384   72,351   61,691   2,317   283,048  
Westonia (S)  62,028   65,886   84,390   65,391   7,960   285,655  
Wickepin (S)  54,896   80,576   60,832   6,129   1,433   203,865  
Williams (S)  40,547   56,128   74,867   57,224   1,027   229,793  
Wongan-Ballidu (S)  64,371   89,022   172,394   9,393   1,126   336,307  
Woodanilling (S)  20,222   64,114   22,411   6,097   5   112,849  
Wyalkatchem (S)  61,504   38,836   54,708   4,210   162   159,420  
Yalgoo (S)  28   93   160   1   282   564  
Yilgarn (S)  182,687   164,617   232,246   159,435   18,917   757,901  
York (S)  26,719   72,826   53,594   59,341   621   213,101  
Total  4,700,274   7,963,662   6,089,920   7,412,695   388,957   26,555,507  
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Table 12. Land available to agriculture that is susceptible to subsurface compaction 
(shaded columns) and percentage of total shire area (white columns) 
Shire name Low  ( ) Moderate ( ) High ( ) DEC Estate ( ) Other ( ) 
Albany (C) 20 14 61 44 19 14 26 1 
Armadale (C) 25 3 43 6 32 4 80 6 
Augusta-Margaret River (S) 19 5 42 12 39 11 65 7 
Beverley (S) 20 14 54 39 26 19 28 1 
Boddington (S) 24 8 25 8 51 16 68 1 
Boyup Brook (S) 15 9 34 22 51 33 36 0 
Bridgetown-Greenbushes (S) 20 8 34 13 46 18 60 1 
Brookton (S) 20 18 44 38 35 30 13 1 
Broomehill (S) 33 32 49 48 18 18 2 0 
Bruce Rock (S) 29 27 32 30 39 37 4 2 
Bunbury (C) 11 1 62 7 28 3 25 64 
Busselton (S) 16 8 41 21 43 22 37 12 
Capel (S) 15 8 56 29 29 15 31 18 
Carnamah (S) 8 5 50 31 43 27 36 1 
Chapman Valley (S) 7 6 47 38 46 37 19 0 
Chittering (S) 23 15 36 24 41 27 24 10 
Cockburn (C) 14 1 77 8 9 1 8 82 
Collie (S) 12 1 34 3 54 4 90 2 
Coorow (S) 8 5 48 31 43 28 35 0 
Corrigin (S) 28 27 37 36 35 35 2 0 
Cranbrook (S) 20 14 52 38 28 21 26 0 
Cuballing (S) 25 21 27 23 49 42 13 0 
Cunderdin (S) 28 28 37 37 35 35 0 0 
Dalwallinu (S) 14 12 24 21 62 55 9 2 
Dandaragan (S) 7 4 71 41 23 13 41 0 
Dardanup (S) 14 5 43 16 43 16 47 15 
Denmark (S) 26 6 54 11 20 4 78 0 
Donnybrook-Balingup (S) 13 5 36 14 51 20 60 1 
Dowerin (S) 44 42 18 18 38 37 2 1 
Dumbleyung (S) 40 38 36 33 24 22 7 0 
Esperance (S) 37 22 57 34 6 4 41 0 
Geraldton (C) 2 1 43 20 54 25 34 20 
Gingin (S) 9 4 78 38 13 6 49 2 
Gnowangerup (S) 53 46 30 26 17 15 13 0 
Goomalling (S) 15 15 50 49 35 34 2 0 
Gosnells (C) 16 7 55 23 30 13 24 34 
Greenough (S) 15 14 41 37 44 39 10 0 
Harvey (S) 18 5 47 13 34 10 57 16 
Irwin (S) 6 3 79 44 15 8 45 0 
Jerramungup (S) 34 22 55 36 11 7 34 0 
Kalamunda (S) 14 2 36 5 49 6 82 5 
Katanning (S) 31 29 46 43 23 21 7 0 
Kellerberrin (S) 40 38 35 33 26 25 4 1 
Kent (S) 41 32 37 28 22 17 23 0 
Kojonup (S) 17 16 47 44 36 33 6 0 
Kondinin (S) 26 22 24 21 50 44 10 2 
Koorda (S) 21 18 33 30 46 41 10 1 
Kulin (S) 27 24 33 30 40 35 9 3 
Kwinana (T) 12 1 75 7 14 1 13 78 
Lake Grace (S) 33 26 32 25 34 27 22 1 
Mandurah (C) 6 0 63 5 31 2 51 41 
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Shire name Low  ( ) Moderate ( ) High ( ) DEC Estate ( ) Other ( ) 
Manjimup (S) 22 2 52 5 26 3 89 1 
Merredin (S) 38 34 31 28 31 28 8 1 
Mingenew (S) 31 29 43 41 26 24 5 0 
Moora (S) 21 20 37 34 41 38 8 0 
Morawa (S) 7 6 66 55 27 23 16 1 
Mount Marshall (S) 24 22 30 27 46 42 8 2 
Mukinbudin (S) 28 25 30 27 42 38 9 0 
Mullewa (S) 6 5 56 53 38 36 6 0 
Mundaring (S) 33 7 12 3 55 12 76 2 
Murray (S) 22 8 49 18 29 10 54 10 
Nannup (S) 29 4 42 5 29 4 88 0 
Narembeen (S) 27 26 27 26 46 44 4 1 
Narrogin (S) 19 17 44 39 37 33 10 1 
Narrogin (T) 13 5 29 12 58 23 56 5 
Northam (S) 21 17 41 34 39 33 16 0 
Northam (T) 29 28 45 44 26 25 0 3 
Northampton (S) 18 16 64 56 18 15 13 0 
Nungarin (S) 37 31 31 26 32 27 15 0 
Perenjori (S) 10 10 30 29 60 57 4 1 
Pingelly (S) 21 20 37 34 42 39 7 1 
Plantagenet (S) 23 14 51 32 26 16 38 0 
Quairading (S) 27 26 33 32 40 39 2 1 
Ravensthorpe (S) 42 15 52 18 6 2 64 0 
Rockingham (C) 19 3 49 8 32 6 4 79 
Serpentine-Jarrahdale (S) 26 9 47 17 27 10 53 11 
Swan (S) 23 10 47 21 30 14 43 13 
Tambellup (S) 31 29 47 45 23 21 5 0 
Tammin (S) 39 38 33 31 28 27 3 0 
Three Springs (S) 11 9 62 52 28 23 16 0 
Toodyay (S) 21 11 35 19 44 24 46 0 
Trayning (S) 38 36 26 25 36 34 4 0 
Victoria Plains (S) 16 15 41 38 43 40 7 0 
Wagin (S) 19 18 59 56 22 21 5 0 
Wandering (S) 28 12 24 11 48 21 55 0 
Wanneroo (S) 11 3 86 27 3 1 37 32 
Waroona (S) 30 10 45 14 25 8 58 10 
West Arthur (S) 16 12 51 39 33 26 22 1 
Westonia (S) 29 22 31 23 40 30 23 3 
Wickepin (S) 28 27 41 40 31 30 3 1 
Williams (S) 24 18 33 24 44 33 25 0 
Wongan-Ballidu (S) 20 19 27 26 53 51 3 0 
Woodanilling (S) 19 18 60 57 21 20 5 0 
Wyalkatchem (S) 40 39 25 24 35 34 3 0 
Yalgoo (S) 10 5 33 17 57 28 0 50 
Yilgarn (S) 32 24 28 22 40 31 21 2 
York (S) 17 13 48 34 35 25 28 0 
Total 25 18 42 30 32 23 28 2 
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3.2.4 Susceptibility to subsurface acidification  
Description Soil acidification is a natural process accelerated by agriculture.  Susceptibility is a 
measure of the time before the soil pH11, below the normal depth of cultivation (i.e. 
10-20 cm) will drop to a level at which production will be adversely affected (Moore 
et al. 1998a).  The critical pH level will depend on both soil type and crop, but is 
usually in the range 4.0-6.0.  A soil at high risk of subsurface acidification is likely to 
acidify below critical pH values within 15 years.  A soil at low risk is unlikely to 
acidify below critical levels within the next 30 years. 
Cause The main causes in agricultural systems are product removal and nitrogen addition.  
Removal of plant materials as grain, hay, wool or meat, removes alkali from the soil 
system while application of nitrogenous fertilisers (e.g. urea, anhydrous NH3, 
(NH4)2SO4) and legume crop rotations add acids.  The acidifying effect of nitrogen is 
due to the leaching of highly soluble nitrate irons which leave a surplus of hydrogen 
ions in the leached zone.  Hence, the rate at which soils acidify increases with 
rainfall.  Adding fertilisers which contain N as ammonium (NH4+) has acidifying 
effects even without leaching (Mason 1980). 
Effect Soil acidity leads to decreased plant production as a result of toxicity and nutrient 
deficiencies.  In WA the toxic effects of acidity are primarily due to aluminium (Al).  
The chemistry is complex and the amount of toxic Al at a given pH depends on 
many factors including clay mineralogy, organic matter, other cations and anions 
present and total salt concentration (Ritchie 1989).  Hence, the critical pH at which 
Al becomes toxic varies between soils and is difficult to predict.  In general, Al starts 
to dissolve at pHCa12  <5.5 with a marked increase in solubility <4.5 (Wilson 1984).  
Al toxicity reduces root branching and elongation.  Manganese toxicity, a problem of 
many acid soils in eastern Australia, is not generally a problem in WA.  This is 
probably due to the low manganese concentrations in acid soils.  Nutrient 
deficiencies caused by soil acidity are mainly related to molybdenum, nitrogen, 
sulphur, phosphorus, calcium and magnesium. 
Susceptible 
soils & 
occurrence 
Naturally alkaline soils, such as those containing lime, are buffered against 
acidification from plants and fertilisers.  Soils that were inherently acid before 
clearing (e.g. Acid yellow sandy earth, Non-saline wet soil, Acid shallow duplex) 
and in high rainfall areas have high risk of acidification from agriculture.  Sandy 
soils which have low pH buffering capacity can acidify rapidly.  Distinction can be 
made between pale or bleached sands which can acidify rapidly, but contain little 
aluminium.  They would still have nutrient deficiency problems from applied 
fertilisers (as they are naturally infertile). 
The most susceptible soil groups are Acid shallow duplex, Acid yellow sandy earth, 
Wet soil and Red and yellow sandy earth over 1.5 Mha, or about 5 .  This rises to 
22  if moderately susceptible soils (those likely to acidify in the next 30 years) are 
included (Figure 12).  Highly susceptible land covers 4.3 Mha or 16 .  If areas of 
moderate susceptibility are included this increases to around 9 Mha, almost 35  of 
the area assessed, or 52  of soils on agricultural land (Tables 13 and 14). 
                                                
11 pH refers to the free hydrogen ion (H+) concentration.  Each unit pH drop indicates a 10 times increase in the 
hydrogen ion concentration.  A pH of <7 is termed acidic and a pH of >7 is termed alkaline. 
12 Standard method for monitoring acidity in WA: 1 part (by weight) of dry soil to 5 parts (by volume) of 0.01M 
CaCl2 suspension (Rayment and Higginson 1992). 
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Management The present strategy is to add sufficient lime to the topsoil to raise the pH to >5.5. 
This ensures alkalinity will move down the soil profile to ameliorate acidity in the 
subsurface (Bolland et al. 2004).  Moore (1998a) suggests four additional strategies 
where acidity13 is or will become a problem: reduction of acidification rates by 
measures such as feeding hay back onto the paddock, limiting the rate of nitrogen 
leaching, minimising the use of elemental sulphur as fertiliser and adopting a less 
damaging crop regime;planting more acid-tolerant crops; do nothing and accept 
decreasing yields; or add extra nutrients such as N, P and K. 
 
 
Figure 12. Areas presently acid and having high susceptibility to subsurface acidification 
                                                
13 Note the difference between surface and subsurface acidification.  Subsurface acidification is far more difficult 
to ameliorate. 
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Table 13. Susceptibility to subsurface acidification in hectares by shire area 
Shire name Low Moderate High Presently acid 
DEC 
Estate 
Other 
(not mapped) 
Total area 
(agricultural region) 
Albany (C)  141,038   107,172   21,397   35,982   112,463   7,804   425,855  
Armadale (C)  3,673   1,953   306   1,584   44,635   3,626   55,777  
Augusta-Margaret River (S)  38,966   11,768   3,005   9,415   145,314   16,294   224,762  
Beverley (S)  59,042   56,109   22,752   26,408   65,319   7,131   236,761  
Boddington (S)  36,437   9,104   5,113   6,785   130,766   3,603   191,808  
Boyup Brook (S)  122,107   28,492   14,454   13,535   102,541   1,272   282,401  
Bridgetown-Greenbushes (S)  40,736   5,441   1,486   3,928   80,371   1,719   133,681  
Brookton (S)  57,985   28,165   29,778   20,757   20,101   3,220   160,006  
Broomehill (S)  52,526   19,920   8,463   31,998   2,561   1,696   117,164  
Bruce Rock (S)  96,361   87,507   49,133   25,912   11,953   1,462   272,327  
Bunbury (C)  340   262   62   40   1,558   4,004   6,265  
Busselton (S)  42,532   16,721   3,474   12,108   53,480   16,677   144,992  
Capel (S)  13,135   9,043   2,471   4,336   17,066   9,689   55,740  
Carnamah (S)  53,613   30,764   88,650   9,326   104,120   539   287,013  
Chapman Valley (S)  3,787   25,653   256,662   9,360   72,051   3,903   371,415  
Chittering (S)  48,106   19,152   7,013   4,595   28,746   14,086   121,698  
Cockburn (C)  220   879   156   207   1,213   11,919   14,594  
Collie (S)  10,308   1,583   248   1,154   153,652   3,196   170,140  
Coorow (S)  43,912   71,796   136,140   18,876   147,100   832   418,656  
Corrigin (S)  95,025   82,756   54,446   29,613   4,994   1,177   268,011  
Cranbrook (S)  157,681   41,624   12,794   26,678   86,635   1,830   327,242  
Cuballing (S)  43,338   34,390   5,684   15,109   15,975   4,947   119,443  
Cunderdin (S)  53,040   58,772   43,466   29,012   544   1,258   186,092  
Dalwallinu (S)  143,000   112,277   119,654   163,289   52,876   5,584   596,680  
Dandaragan (S)  70,293   131,498   180,217   9,302   277,790   1,533   670,631  
Dardanup (S)  16,018   2,696   651   642   24,876   7,929   52,812  
Denmark (S)  23,499   5,886   818   8,922   145,768   819   185,713  
Donnybrook-Balingup (S)  55,432   3,117   1,120   958   94,020   1,291   155,937  
Dowerin (S)  95,741   25,300   15,496   40,734   4,001   4,873   186,145  
Dumbleyung (S)  100,757   79,719   29,153   25,890   16,783   1,554   253,856  
Esperance (S)  487,315   693,421   324,815   6,715   1,053,674   5,935   2,571,874  
Geraldton (C)  776   227   734   0   956   153   2,846  
Gingin (S)  36,162   54,965   52,575   10,665   158,139   7,941   320,448  
Gnowangerup (S)  135,849   139,909   44,204   37,940   56,196   12,206   426,305  
Goomalling (S)  46,754   65,562   28,322   37,008   3,497   2,238   183,381  
Gosnells (C)  2,849   1,796   326   445   3,067   4,304   12,787  
Greenough (S)  22,515   31,419   90,979   9,771   17,815   2,471   174,971  
Harvey (S)  26,781   9,801   5,868   4,633   96,551   27,201   170,835  
Irwin (S)  23,780   19,556   81,222   5,650   105,588   1,060   236,856  
Jerramungup (S)  160,783   148,581   89,574   26,584   218,447   7,494   651,462  
Kalamunda (S)  2,579   863   204   454   26,514   1,743   32,357  
Katanning (S)  65,880   29,237   18,447   27,324   10,291   554   151,733  
Kellerberrin (S)  81,386   53,411   34,617   11,984   7,659   2,341   191,398  
Kent (S)  171,335   165,001   53,361   39,707   129,908   3,065   562,377  
Kojonup (S)  142,462   27,024   23,622   70,951   18,217   10,614   292,890  
Kondinin (S)  146,256   150,847   59,810   19,705   43,340   2,960   422,918  
Koorda (S)  117,724   24,972   22,265   80,110   27,567   10,421   283,058  
Kulin (S)  139,860   176,138   77,189   31,085   42,310   4,363   470,945  
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Shire name Low Moderate High Presently acid 
DEC 
Estate 
Other 
(not mapped) 
Total area 
(agricultural region) 
Kwinana (T)  126   580   204   167   1,491   9,347   11,915  
Lake Grace (S)  339,286   297,936   105,749   54,165   221,039   9,451   1,027,627  
Mandurah (C)  105   651   500   54   9,222   7,546   18,076  
Manjimup (S)  55,604   7,128   887   6,976   615,101   9,267   694,962  
Merredin (S)  137,977   65,701   60,261   37,565   25,438   2,266   329,208  
Mingenew (S)  61,327   20,773   93,759   6,933   10,232   434   193,458  
Moora (S)  120,656   118,615   89,241   14,191   29,146   4,134   375,982  
Morawa (S)  27,101   58,348   141,194   27,142   47,776   5,226   306,787  
Mount Marshall (S)  192,170   43,052   31,710   130,570   34,287   22,939   454,728  
Mukinbudin (S)  139,658   21,038   15,206   65,698   25,988   10,466   278,056  
Mullewa (S)  23,322   32,751   357,806   53,052   29,144   270   496,345  
Mundaring (S)  9,395   1,027   1,404   1,693   48,998   1,778   64,294  
Murray (S)  28,962   17,362   3,430   10,448   91,120   17,246   168,568  
Nannup (S)  19,297   6,045   842   9,223   256,479   1,210   293,096  
Narembeen (S)  132,922   123,948   72,265   37,602   13,619   2,793   383,150  
Narrogin (S)  70,292   29,803   11,297   29,635   15,669   4,959   161,654  
Narrogin (T)  220   149   79   72   730   63   1,313  
Northam (S)  55,287   36,882   12,184   7,923   22,290   5,785   140,350  
Northam (T)  1,105   1,035   251   18   2   181   2,593  
Northampton (S)  15,593   82,267   263,199   6,822   54,428   6,241   428,549  
Nungarin (S)  70,775   5,712   5,309   13,239   17,721   3,529   116,285  
Perenjori (S)  55,362   38,379   118,237   145,456   13,312   3,332   374,078  
Pingelly (S)  53,901   25,076   28,007   9,265   8,821   4,227   129,297  
Plantagenet (S)  177,876   70,849   25,894   23,785   185,529   3,644   487,576  
Quairading (S)  56,240   63,988   49,151   26,112   4,693   1,316   201,499  
Ravensthorpe (S)  120,740   168,003   99,594   8,931   728,572   3,934   1,129,774  
Rockingham (C)  1,062   1,022   1,452   643   932   19,160   24,271  
Serpentine-Jarrahdale (S)  15,627   9,078   933   6,619   47,782   9,385   89,424  
Swan (S)  25,802   11,197   2,692   6,591   44,297   12,916   103,495  
Tambellup (S)  64,130   33,224   11,170   26,593   7,130   1,324   143,572  
Tammin (S)  37,309   39,196   20,402   9,157   3,410   632   110,106  
Three Springs (S)  48,343   34,685   126,638   11,779   43,513   696   265,654  
Toodyay (S)  50,030   21,275   8,209   6,195   77,972   5,484   169,167  
Trayning (S)  96,618   13,311   16,189   26,779   7,255   4,848   164,999  
Victoria Plains (S)  100,622   75,878   39,193   20,368   16,641   2,162   254,864  
Wagin (S)  84,375   20,828   17,982   58,074   10,055   3,123   194,437  
Wandering (S)  43,916   21,098   5,634   11,435   105,133   3,115   190,331  
Wanneroo (S)  1,616   12,445   1,914   1,580   21,234   18,495   57,284  
Waroona (S)  14,415   6,349   1,860   3,708   48,575   8,214   83,121  
West Arthur (S)  134,140   20,581   14,931   44,751   61,691   6,953   283,048  
Westonia (S)  120,770   41,229   30,836   22,245   65,391   5,183   285,655  
Wickepin (S)  74,407   53,207   49,781   19,292   6,129   1,050   203,865  
Williams (S)  91,745   33,965   11,528   28,086   57,224   7,246   229,793  
Wongan-Ballidu (S)  100,860   78,251   53,216   89,705   9,393   4,881   336,307  
Woodanilling (S)  52,341   7,911   10,295   34,493   6,097   1,712   112,849  
Wyalkatchem (S)  90,163   19,281   16,103   26,267   4,210   3,397   159,420  
Yalgoo (S)  0   14   116   152   1   282   564  
Yilgarn (S)  233,078   163,714   116,489   74,044   159,435   11,140   757,901  
York (S)  67,477   48,394   18,579   13,805   59,341   5,506   213,101  
Total  7,043,841   5,005,480   4,286,195   2,276,286   7,412,695   531,010   26,555,507  
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Table 14. Land available to agriculture that is susceptible to subsurface acidification 
(shaded columns) and percentage of total shire area (white columns) 
Shire name Low  ( ) Moderate ( ) High ( )  Presently acid ( ) DEC Estate ( ) Other ( ) 
Albany (C) 46 33 35 25 7 5 12 8 26 2 
Armadale (C) 49 7 26 4 4 1 21 3 80 7 
Augusta-Margaret River (S) 62 17 19 5 5 1 15 4 65 7 
Beverley (S) 36 25 34 24 14 10 16 11 28 3 
Boddington (S) 63 19 16 5 9 3 12 4 68 2 
Boyup Brook (S) 68 43 16 10 8 5 8 5 36 0 
Bridgetown-Greenbushes (S) 79 30 11 4 3 1 8 3 60 1 
Brookton (S) 42 36 21 18 22 19 15 13 13 2 
Broomehill (S) 47 45 18 17 7 7 28 27 2 1 
Bruce Rock (S) 37 35 34 32 19 18 10 10 4 1 
Bunbury (C) 48 5 37 4 9 1 6 1 25 64 
Busselton (S) 57 29 22 12 5 2 16 8 37 12 
Capel (S) 45 24 31 16 9 4 15 8 31 17 
Carnamah (S) 29 19 17 11 49 31 5 3 36 0 
Chapman Valley (S) 1 1 9 7 87 69 3 3 19 1 
Chittering (S) 61 40 24 16 9 6 6 4 24 12 
Cockburn (C) 15 2 60 6 11 1 14 1 8 82 
Collie (S) 78 6 12 1 2 0 9 1 90 2 
Coorow (S) 16 10 27 17 50 33 7 5 35 0 
Corrigin (S) 36 35 32 31 21 20 11 11 2 0 
Cranbrook (S) 66 48 17 13 5 4 11 8 26 1 
Cuballing (S) 44 36 35 29 6 5 15 13 13 4 
Cunderdin (S) 29 29 32 32 24 23 16 16 0 1 
Dalwallinu (S) 27 24 21 19 22 20 30 27 9 1 
Dandaragan (S) 18 10 34 20 46 27 2 1 41 0 
Dardanup (S) 80 30 13 5 3 1 3 1 47 15 
Denmark (S) 60 13 15 3 2 0 23 5 78 0 
Donnybrook-Balingup (S) 91 36 5 2 2 1 2 1 60 1 
Dowerin (S) 54 51 14 14 9 8 23 22 2 3 
Dumbleyung (S) 43 40 34 31 12 11 11 10 7 1 
Esperance (S) 32 19 46 27 21 13 0 0 41 0 
Geraldton (C) 45 27 13 8 42 26 0 0 34 5 
Gingin (S) 23 11 36 17 34 16 7 3 49 2 
Gnowangerup (S) 38 32 39 33 12 10 11 9 13 3 
Goomalling (S) 26 25 37 36 16 15 21 20 2 1 
Gosnells (C) 53 22 33 14 6 3 8 3 24 34 
Greenough (S) 15 13 20 18 59 52 6 6 10 1 
Harvey (S) 57 16 21 6 12 3 10 3 57 16 
Irwin (S) 18 10 15 8 62 34 4 2 45 0 
Jerramungup (S) 38 25 35 23 21 14 6 4 34 1 
Kalamunda (S) 63 8 21 3 5 1 11 1 82 5 
Katanning (S) 47 43 21 19 13 12 19 18 7 0 
Kellerberrin (S) 45 43 29 28 19 18 7 6 4 1 
Kent (S) 40 30 38 29 12 9 9 7 23 1 
Kojonup (S) 54 49 10 9 9 8 27 24 6 4 
Kondinin (S) 39 35 40 36 16 14 5 5 10 1 
Koorda (S) 48 42 10 9 9 8 33 28 10 4 
Kulin (S) 33 30 42 37 18 16 7 7 9 1 
Kwinana (T) 12 1 54 5 19 2 16 1 13 78 
Lake Grace (S) 43 33 37 29 13 10 7 5 22 1 
Mandurah (C) 8 1 50 4 38 3 4 0 51 42 
LAND RESOURCES IN THE SOUTH-WEST AGRICULTURAL REGION 
 49
Shire name Low  ( ) Moderate ( ) High ( )  Presently acid ( ) DEC Estate ( ) Other ( ) 
Manjimup (S) 79 8 10 1 1 0 10 1 89 1 
Merredin (S) 46 42 22 20 20 18 12 11 8 1 
Mingenew (S) 34 32 11 11 51 48 4 4 5 0 
Moora (S) 35 32 35 32 26 24 4 4 8 1 
Morawa (S) 11 9 23 19 56 46 11 9 16 2 
Mount Marshall (S) 48 42 11 9 8 7 33 29 8 5 
Mukinbudin (S) 58 50 9 8 6 5 27 24 9 4 
Mullewa (S) 5 5 7 7 77 72 11 11 6 0 
Mundaring (S) 69 15 8 2 10 2 13 3 76 3 
Murray (S) 48 17 29 10 6 2 17 6 54 10 
Nannup (S) 55 7 17 2 2 0 26 3 88 0 
Narembeen (S) 36 35 34 32 20 19 10 10 4 1 
Narrogin (S) 50 43 21 18 8 7 21 18 10 3 
Narrogin (T) 42 17 29 11 15 6 14 5 56 5 
Northam (S) 49 39 33 26 11 9 7 6 16 4 
Northam (T) 46 43 43 40 10 10 1 1 0 7 
Northampton (S) 4 4 22 19 72 61 2 2 13 1 
Nungarin (S) 74 61 6 5 6 5 14 11 15 3 
Perenjori (S) 15 15 11 10 33 32 41 39 4 1 
Pingelly (S) 46 42 22 19 24 22 8 7 7 3 
Plantagenet (S) 60 36 24 15 9 5 8 5 38 1 
Quairading (S) 29 28 33 32 25 24 13 13 2 1 
Ravensthorpe (S) 30 11 42 15 25 9 2 1 64 0 
Rockingham (C) 25 4 24 4 35 6 15 3 4 79 
Serpentine-Jarrahdale (S) 48 17 28 10 3 1 21 7 53 10 
Swan (S) 56 25 24 11 6 3 14 6 43 12 
Tambellup (S) 47 45 25 23 8 8 20 19 5 1 
Tammin (S) 35 34 37 36 19 19 9 8 3 1 
Three Springs (S) 22 18 16 13 57 48 5 4 16 0 
Toodyay (S) 58 30 25 13 10 5 7 4 46 3 
Trayning (S) 63 59 9 8 11 10 18 16 4 3 
Victoria Plains (S) 43 39 32 30 17 15 9 8 7 1 
Wagin (S) 47 43 11 11 10 9 32 30 5 2 
Wandering (S) 54 23 26 11 7 3 14 6 55 2 
Wanneroo (S) 9 3 71 22 11 3 9 3 37 32 
Waroona (S) 55 17 24 8 7 2 14 4 58 10 
West Arthur (S) 63 47 10 7 7 5 21 16 22 2 
Westonia (S) 56 42 19 14 14 11 10 8 23 2 
Wickepin (S) 38 36 27 26 25 24 10 9 3 1 
Williams (S) 55 40 21 15 7 5 17 12 25 3 
Wongan-Ballidu (S) 31 30 24 23 17 16 28 27 3 1 
Woodanilling (S) 50 46 8 7 10 9 33 31 5 2 
Wyalkatchem (S) 59 57 13 12 11 10 17 16 3 2 
Yalgoo (S) 0 0 5 2 41 20 54 27 0 50 
Yilgarn (S) 40 31 28 22 20 15 13 10 21 1 
York (S) 46 32 33 23 13 9 9 6 28 3 
Total 38 27 27 19 23 16 12 9 28 2 
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3.2.5 Susceptibility to wind erosion 
Description The detachment and movement of soil particles by wind action is termed wind 
erosion.  Susceptibility to wind erosion is a measure of the level of disturbance 
required to bring the soil to an erodible condition (Moore et al. 1998b). 
Assessment of susceptibility is based on field estimates of soil texture (e.g. very 
fine sand, find sand, medium sand, loamy sand etc.) and surface condition (i.e. 
loose, soft, firm, etc.).  It is also linked to the likely occurrence of winds of erodible 
velocity (van Gool et al. 2005). 
Causes Wind erosion is caused by a combination of three factors: (persistent) strong winds 
(exceeding 28 km/h at 2 m high); loose dry soils; and lack of vegetation (Moore et 
al. 1998b).  Wind speed is dependent primarily on location, but landscape can 
exacerbate or moderate the prevailing winds.  Particles of fine sand with diameter 
of less than 0.1 mm (100 µm) are the most erodible (Moore et al. 1998b).  In loose 
sand particles of this size, inter-particle cohesion rather than gravity becomes the 
main soil binding force.  Particles and aggregates of >0.85 mm are considered non-
erodible.  A small amount of moisture significantly decreases the erosion risk.  
Vegetation slows air movement near the surface hence preventing the air from 
reaching erosive velocity and also covers and anchors the soil. 
Wind (and water) erosion are natural processes and in Australia dust deposition 
has played an important role in soil formation (White 1997).  However, 
mismanagement can greatly accelerate this process.  One of the main causes of 
human-induced wind erosion is over-stocking and the use of inappropriate cropping 
systems, especially when exacerbated by drought. 
Effect Wind erosion results in loss of topsoil and associated loss of macro- and micro-
nutrients (Leys and Heinjus 1992).  Prolonged and widespread loss of soil in excess 
of new soil formation will seriously impede future production potential.  For 
example, during a seven-hour dust storm in the Albany region in May 1995 an 
estimated 2 million tonnes of topsoil were blown off the continent (Carter 1995).  
The estimated 5,000 tonnes of organic nitrogen lost would have brought in $4.2 
million had they gone into wheat production.  Other effects include sand-blasting 
damage and atmospheric pollution. 
Susceptible 
soils & 
occurrence 
In strong winds, erosion can occur on any loose soil with a dry and exposed surface 
(Rogers 1996), but some soils (e.g. Pale deep sands, Grey deep sandy duplexes) 
and landforms (e.g. dunes) are considered more susceptible than many clayey or 
loamy soils (Smolinski and Scholz 1997).  In many clay soils a relatively thin topsoil 
imparts many favourable properties including improved structure, higher organic 
matter, increased fertility and higher biological activity.  Even if the volume of topsoil 
lost through erosion is less than for sandy soils, the impact on production is likely to 
be greater. Soils with very high or extreme susceptibility to erosion (based on soil 
type and landscape position) total 956,000 ha, 5  of agricultural land (Figure 13, 
Tables 15 and 16). 
Management Management of susceptible soils focuses on minimisation of disturbance during 
cultivation (e.g. no-till sowing, direct drilling), reduced stocking rates and 
maintenance of adequate ground cover (e.g. use of improved perennial pastures 
and rotation of stock).  Fencing-off and separate management of high-risk areas 
can be useful.  Risk can be managed through natural windbreaks of trees and 
shrubs (e.g. alley farming, agroforestry) or the use of artificial barriers of shadecloth 
(for intensive horticultural crops).  Earthmoving activities should be timed when the 
soil is wet and/or the risk of high velocity wind is small. 
Some cropping regimes are less susceptible.  For example, Brown (1984, cited in 
van Lier 1994) estimates that a corn, wheat and clover rotation will lead to an 
average annual soil loss of 2.7 t/ha.  Continuous corn on the other hand would lead 
to an average annual soil loss of 19.7 t/ha.  Stubble burning is not acceptable. 
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Figure 13. Areas of high, very high or extreme susceptibility to wind erosion  
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Table 15. Susceptibility to wind erosion in hectares by shire area 
Shire name Low Moderate High Very high Extreme DEC Estate 
Other (not 
mapped) 
Total area 
(agricultural region) 
Albany (C)  60,863   124,198   94,053   22,368   2,456   112,463   9,454   425,855  
Armadale (C)  2,697   2,134   2,055   613   -    44,635   3,644   55,777  
Augusta-Margaret River (S)  15,788   31,563   14,074   1,439   271   145,314   16,311   224,762  
Beverley (S)  57,603   48,482   56,684   799   -    65,319   7,873   236,761  
Boddington (S)  21,515   28,429   6,937   -    -    130,766   4,161   191,808  
Boyup Brook (S)  49,927   94,561   32,665   1,335   -    102,541   1,374   282,401  
Bridgetown-Greenbushes (S)  25,833   18,783   6,774   150   -    80,371   1,770   133,681  
Brookton (S)  48,038   37,340   43,353   6,611   -    20,101   4,564   160,006  
Broomehill (S)  43,633   31,531   30,744   7,000   -    2,561   1,696   117,164  
Bruce Rock (S)  146,671   53,523   47,556   6,647   -    11,953   5,977   272,327  
Bunbury (C)  310   25   283   85   -    1,558   4,004   6,265  
Busselton (S)  24,715   29,360   15,845   4,040   562   53,480   16,989   144,992  
Capel (S)  11,145   3,434   10,937   2,706   150   17,066   10,302   55,740  
Carnamah (S)  70,117   32,886   60,769   16,488   10   104,120   2,623   287,013  
Chapman Valley (S)  86,848   37,632   134,007   36,306   271   72,051   4,301   371,415  
Chittering (S)  31,661   23,939   18,594   4,557   -    28,746   14,201   121,698  
Cockburn (C)  82   153   922   305   0   1,213   11,919   14,594  
Collie (S)  4,035   6,354   2,657   128   -    153,652   3,314   170,140  
Coorow (S)  67,845   62,574   116,690   22,733   268   147,100   1,445   418,656  
Corrigin (S)  128,835   49,988   69,577   12,729   -    4,994   1,887   268,011  
Cranbrook (S)  55,897   117,190   63,065   2,604   -    86,635   1,851   327,242  
Cuballing (S)  36,330   46,882   12,914   2,373   -    15,975   4,969   119,443  
Cunderdin (S)  68,013   53,974   54,554   7,587   -    544   1,420   186,092  
Dalwallinu (S)  219,164   190,139   92,298   22,823   -    52,876   19,381   596,680  
Dandaragan (S)  34,979   65,190   257,089   30,419   2,491   277,790   2,674   670,631  
Dardanup (S)  12,337   3,461   3,627   572   -    24,876   7,938   52,812  
Denmark (S)  11,282   12,398   13,061   1,732   640   145,768   832   185,713  
Donnybrook-Balingup (S)  41,162   14,304   4,943   142   -    94,020   1,366   155,937  
Dowerin (S)  96,609   38,185   34,262   6,788   -    4,001   6,300   186,145  
Dumbleyung (S)  112,142   38,740   79,779   4,858   -    16,783   1,554   253,856  
Esperance (S)  462,693   130,303   820,577   93,749   4,944  1,053,674   5,935   2,571,874  
Geraldton (C)  147   99   870   179   26   956   568   2,846  
Gingin (S)  21,395   17,886   86,477   25,931   2,633   158,139   7,985   320,448  
Gnowangerup (S)  171,675   83,597   88,991   13,628   -    56,196   12,217   426,305  
Goomalling (S)  51,720   59,870   63,283   2,700   -    3,497   2,311   183,381  
Gosnells (C)  2,177   740   1,805   656   -    3,067   4,341   12,787  
Greenough (S)  60,257   20,164   65,409   7,581   894   17,815   2,851   174,971  
Harvey (S)  24,664   6,137   13,119   3,133   25   96,551   27,206   170,835  
Irwin (S)  7,187   14,079   87,654   20,524   763   105,588   1,060   236,856  
Jerramungup (S)  186,952   135,405   82,058   15,779   4,449   218,447   8,373   651,462  
Kalamunda (S)  1,748   1,142   632   576   -    26,514   1,746   32,357  
Katanning (S)  57,803   31,243   43,308   8,534   -    10,291   554   151,733  
Kellerberrin (S)  101,001   44,084   31,964   3,338   -    7,659   3,352   191,398  
Kent (S)  225,859   64,341   113,222   24,573   -    129,908   4,473   562,377  
Kojonup (S)  53,362   125,341   72,228   13,121   -    18,217   10,622   292,890  
Kondinin (S)  209,814   71,057   85,526   260   -    43,340   12,921   422,918  
Koorda (S)  143,958   56,562   25,991   18,374   -    27,567   10,606   283,058  
Kulin (S)  176,884   102,621   131,034   1,483   -    42,310   16,612   470,945  
Kwinana (T)  93   89   676   220   -    1,491   9,347   11,915  
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Shire name Low Moderate High Very high Extreme DEC Estate 
Other (not 
mapped) 
Total area 
(agricultural region) 
Lake Grace (S)  447,434   122,850   188,218   28,282   -    221,039   19,803   1,027,627  
Mandurah (C)  58   97   1,028   98   28   9,222   7,546   18,076  
Manjimup (S)  23,206   32,913   14,171   262   19   615,101   9,291   694,962  
Merredin (S)  142,387   90,160   48,745   15,643   -    25,438   6,836   329,208  
Mingenew (S)  82,666   16,559   76,732   6,325   -    10,232   945   193,458  
Moora (S)  143,673   90,642   91,009   17,334   -    29,146   4,178   375,982  
Morawa (S)  169,938   38,017   19,529   26,301   -    47,776   5,226   306,787  
Mount Marshall (S)  212,683   113,804   45,670   25,113   -    34,287   23,171   454,728  
Mukinbudin (S)  132,664   66,568   30,794   11,544   -    25,988   10,498   278,056  
Mullewa (S)  207,253   51,812   155,033   52,685   -    29,144   417   496,345  
Mundaring (S)  3,710   7,207   2,392   190   -    48,998   1,798   64,294  
Murray (S)  25,147   13,068   18,897   3,079   -    91,120   17,256   168,568  
Nannup (S)  11,733   13,228   8,379   1,830   209   256,479   1,239   293,096  
Narembeen (S)  218,061   72,114   67,803   6,108   -    13,619   5,444   383,150  
Narrogin (S)  48,416   50,957   37,875   3,608   -    15,669   5,129   161,654  
Narrogin (T)  274   165   76   5   -    730   63   1,313  
Northam (S)  44,456   39,823   27,669   326   -    22,290   5,785   140,350  
Northam (T)  1,487   570   353   -    -    2   181   2,593  
Northampton (S)  121,381   20,647   162,061   60,635   3,122   54,428   6,275   428,549  
Nungarin (S)  60,277   20,135   11,250   2,873   -    17,721   4,029   116,285  
Perenjori (S)  168,031   84,846   86,482   17,828   -    13,312   3,579   374,078  
Pingelly (S)  44,266   45,716   23,137   2,284   -    8,821   5,073   129,297  
Plantagenet (S)  65,791   154,338   73,805   4,219   -    185,529   3,894   487,576  
Quairading (S)  84,439   54,820   45,853   8,508   -    4,693   3,186   201,499  
Ravensthorpe (S)  106,616   41,247   219,815   29,391   25   728,572   4,109   1,129,774  
Rockingham (C)  961   679   2,094   367   77   932   19,160   24,271  
Serpentine-Jarrahdale (S)  13,423   7,244   8,616   2,826   -    47,782   9,532   89,424  
Swan (S)  14,030   14,738   10,101   6,664   -    44,297   13,664   103,495  
Tambellup (S)  50,528   43,006   35,739   5,845   -    7,130   1,324   143,572  
Tammin (S)  52,364   28,338   21,929   3,023   -    3,410   1,042   110,106  
Three Springs (S)  64,137   27,112   121,577   8,405   -    43,513   909   265,654  
Toodyay (S)  27,839   31,802   26,038   26   -    77,972   5,490   169,167  
Trayning (S)  86,203   38,094   21,932   6,554   -    7,255   4,963   164,999  
Victoria Plains (S)  82,199   75,391   75,969   2,501   -    16,641   2,162   254,864  
Wagin (S)  45,557   51,538   72,638   11,527   -    10,055   3,123   194,437  
Wandering (S)  29,854   39,729   10,796   1,003   -    105,133   3,815   190,331  
Wanneroo (S)  808   1,393   9,691   5,527   113   21,234   18,518   57,284  
Waroona (S)  13,097   4,050   6,502   2,174   457   48,575   8,265   83,121  
West Arthur (S)  38,391   101,800   64,123   10,057   -    61,691   6,986   283,048  
Westonia (S)  119,568   52,192   28,388   6,973   -    65,391   13,143   285,655  
Wickepin (S)  71,167   60,478   59,730   3,935   -    6,129   2,426   203,865  
Williams (S)  52,156   82,937   27,340   2,126   -    57,224   8,011   229,793  
Wongan-Ballidu (S)  140,108   95,051   71,563   14,306   -    9,393   5,886   336,307  
Woodanilling (S)  29,455   31,658   35,463   8,464   -    6,097   1,712   112,849  
Wyalkatchem (S)  88,895   32,248   23,521   6,988   -    4,210   3,558   159,420  
Yalgoo (S)  93   104   42   42   -    1   282   564  
Yilgarn (S)  281,457   140,789   136,889   16,543   -    159,435   22,788   757,901  
York (S)  53,954   56,190   37,689   421   -    59,341   5,506   213,101  
Total  7,467,759  4,520,971  5,560,740   932,043   24,907  7,412,695   636,392   26,555,507  
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Table 16. Land available to agriculture and susceptibility to wind erosion (shaded 
columns) and percentage of total shire area (white columns) 
Shire name Low  ( ) 
Moderate  
( ) 
High 
 ( ) 
Very high  
( ) 
Extreme 
 ( ) 
DEC Estate 
( ) 
Other 
( ) 
Albany (C) 20 14 41 29 31 22 7 5 1 1 26 2 
Armadale (C) 36 5 28 4 27 4 8 1 0 0 80 7 
Augusta-Margaret River (S) 25 7 50 14 22 6 2 1 0 0 65 7 
Beverley (S) 35 24 30 20 35 24 0 0 0 0 28 3 
Boddington (S) 38 11 50 15 12 4 0 0 0 0 68 2 
Boyup Brook (S) 28 18 53 33 18 12 1 0 0 0 36 0 
Bridgetown-Greenbushes (S) 50 19 36 14 13 5 0 0 0 0 60 1 
Brookton (S) 35 30 28 23 32 27 5 4 0 0 13 3 
Broomehill (S) 39 37 28 27 27 26 6 6 0 0 2 1 
Bruce Rock (S) 58 54 21 20 19 17 3 2 0 0 4 2 
Bunbury (C) 44 5 4 0 40 5 12 1 0 0 25 64 
Busselton (S) 33 17 39 20 21 11 5 3 1 0 37 12 
Capel (S) 39 20 12 6 39 20 10 5 1 0 31 18 
Carnamah (S) 39 24 18 11 34 21 9 6 0 0 36 1 
Chapman Valley (S) 29 23 13 10 45 36 12 10 0 0 19 1 
Chittering (S) 40 26 30 20 24 15 6 4 0 0 24 12 
Cockburn (C) 6 1 10 1 63 6 21 2 0 0 8 82 
Collie (S) 31 2 48 4 20 2 1 0 0 0 90 2 
Coorow (S) 25 16 23 15 43 28 8 5 0 0 35 0 
Corrigin (S) 49 48 19 19 27 26 5 5 0 0 2 1 
Cranbrook (S) 23 17 49 36 26 19 1 1 0 0 26 1 
Cuballing (S) 37 30 48 39 13 11 2 2 0 0 13 4 
Cunderdin (S) 37 37 29 29 30 29 4 4 0 0 0 1 
Dalwallinu (S) 42 37 36 32 18 15 4 4 0 0 9 3 
Dandaragan (S) 9 5 17 10 66 38 8 5 1 0 41 0 
Dardanup (S) 62 23 17 7 18 7 3 1 0 0 47 15 
Denmark (S) 29 6 32 7 33 7 4 1 2 0 78 0 
Donnybrook-Balingup (S) 68 26 24 9 8 3 0 0 0 0 60 1 
Dowerin (S) 55 52 22 21 19 18 4 4 0 0 2 3 
Dumbleyung (S) 48 44 16 15 34 31 2 2 0 0 7 1 
Esperance (S) 31 18 9 5 54 32 6 4 0 0 41 0 
Geraldton (C) 11 5 7 3 66 31 14 6 2 1 34 20 
Gingin (S) 14 7 12 6 56 27 17 8 2 1 49 2 
Gnowangerup (S) 48 40 23 20 25 21 4 3 0 0 13 3 
Goomalling (S) 29 28 34 33 36 35 2 1 0 0 2 1 
Gosnells (C) 40 17 14 6 34 14 12 5 0 0 24 34 
Greenough (S) 39 34 13 12 42 37 5 4 1 1 10 2 
Harvey (S) 52 14 13 4 28 8 7 2 0 0 57 16 
Irwin (S) 6 3 11 6 67 37 16 9 1 0 45 0 
Jerramungup (S) 44 29 32 21 19 13 4 2 1 1 34 1 
Kalamunda (S) 43 5 28 4 15 2 14 2 0 0 82 5 
Katanning (S) 41 38 22 21 31 29 6 6 0 0 7 0 
Kellerberrin (S) 56 53 24 23 18 17 2 2 0 0 4 2 
Kent (S) 53 40 15 11 26 20 6 4 0 0 23 1 
Kojonup (S) 20 18 47 43 27 25 5 4 0 0 6 4 
Kondinin (S) 57 50 19 17 23 20 0 0 0 0 10 3 
Koorda (S) 59 51 23 20 11 9 8 6 0 0 10 4 
Kulin (S) 43 38 25 22 32 28 0 0 0 0 9 4 
Kwinana (T) 9 1 8 1 63 6 20 2 0 0 13 78 
Lake Grace (S) 57 44 16 12 24 18 4 3 0 0 22 2 
Mandurah (C) 4 0 7 1 79 6 7 1 2 0 51 42 
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Shire name Low  ( ) 
Moderate  
( ) 
High 
 ( ) 
Very high  
( ) 
Extreme 
 ( ) 
DEC Estate 
( ) 
Other 
( ) 
Manjimup (S) 33 3 47 5 20 2 0 0 0 0 89 1 
Merredin (S) 48 43 30 27 16 15 5 5 0 0 8 2 
Mingenew (S) 45 43 9 9 42 40 3 3 0 0 5 0 
Moora (S) 42 38 26 24 27 24 5 5 0 0 8 1 
Morawa (S) 67 55 15 12 8 6 10 9 0 0 16 2 
Mount Marshall (S) 54 47 29 25 11 10 6 6 0 0 8 5 
Mukinbudin (S) 55 48 28 24 13 11 5 4 0 0 9 4 
Mullewa (S) 44 42 11 10 33 31 11 11 0 0 6 0 
Mundaring (S) 27 6 53 11 18 4 1 0 0 0 76 3 
Murray (S) 42 15 22 8 31 11 5 2 0 0 54 10 
Nannup (S) 33 4 37 5 24 3 5 1 1 0 88 0 
Narembeen (S) 60 57 20 19 19 18 2 2 0 0 4 1 
Narrogin (S) 34 30 36 32 27 23 3 2 0 0 10 3 
Narrogin (T) 53 21 32 13 15 6 1 0 0 0 56 5 
Northam (S) 40 32 35 28 25 20 0 0 0 0 16 4 
Northam (T) 62 57 24 22 15 14 0 0 0 0 0 7 
Northampton (S) 33 28 6 5 44 38 16 14 1 1 13 1 
Nungarin (S) 64 52 21 17 12 10 3 2 0 0 15 3 
Perenjori (S) 47 45 24 23 24 23 5 5 0 0 4 1 
Pingelly (S) 38 34 40 35 20 18 2 2 0 0 7 4 
Plantagenet (S) 22 13 52 32 25 15 1 1 0 0 38 1 
Quairading (S) 44 42 28 27 24 23 4 4 0 0 2 2 
Ravensthorpe (S) 27 9 10 4 55 19 7 3 0 0 64 0 
Rockingham (C) 23 4 16 3 50 9 9 2 2 0 4 79 
Serpentine-Jarrahdale (S) 42 15 23 8 27 10 9 3 0 0 53 11 
Swan (S) 31 14 32 14 22 10 15 6 0 0 43 13 
Tambellup (S) 37 35 32 30 26 25 4 4 0 0 5 1 
Tammin (S) 50 48 27 26 21 20 3 3 0 0 3 1 
Three Springs (S) 29 24 12 10 55 46 4 3 0 0 16 0 
Toodyay (S) 32 16 37 19 30 15 0 0 0 0 46 3 
Trayning (S) 56 52 25 23 14 13 4 4 0 0 4 3 
Victoria Plains (S) 35 32 32 30 32 30 1 1 0 0 7 1 
Wagin (S) 25 23 28 27 40 37 6 6 0 0 5 2 
Wandering (S) 37 16 49 21 13 6 1 1 0 0 55 2 
Wanneroo (S) 5 1 8 2 55 17 32 10 1 0 37 32 
Waroona (S) 50 16 15 5 25 8 8 3 2 1 58 10 
West Arthur (S) 18 14 47 36 30 23 5 4 0 0 22 2 
Westonia (S) 58 42 25 18 14 10 3 2 0 0 23 5 
Wickepin (S) 36 35 31 30 31 29 2 2 0 0 3 1 
Williams (S) 32 23 50 36 17 12 1 1 0 0 25 3 
Wongan-Ballidu (S) 44 42 30 28 22 21 4 4 0 0 3 2 
Woodanilling (S) 28 26 30 28 34 31 8 8 0 0 5 2 
Wyalkatchem (S) 59 56 21 20 16 15 5 4 0 0 3 2 
Yalgoo (S) 33 17 37 18 15 7 15 7 0 0 0 50 
Yilgarn (S) 49 37 24 19 24 18 3 2 0 0 21 3 
York (S) 36 25 38 26 25 18 0 0 0 0 28 3 
Total 40 28 24 17 30 21 5 4 0 0 28 2 
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3.2.6 Susceptibility to water erosion  
Description  Water erosion describes the detachment and movement of soil particles by the 
action of water.  It may occur over relatively wide areas where flow has been 
concentrated but channels are not perceptible (sheet erosion), along numerous small 
channels (rill erosion), or well defined large channels (gully erosion), by the direct 
action of stream flow (stream bank erosion) or shallow subsurface water movement 
(tunnel erosion).14 
Susceptibility to water erosion refers to the likelihood of soil being detached and 
transported as a result of rainfall, runoff and seepage. 
Causes Water erosion (as defined in this document) is caused by the surface or shallow 
subsurface flow of water.  Hence, it is affected by those factors which influence the 
amount of runoff (surface and shallow subsurface) generated, as well as the inherent 
erodibility of the soil. 
The amount of surface runoff is determined by complex interaction of factors 
including climate (e.g. likelihood and timing of severe rainfall), landscape (e.g. slope 
angle, slope length), soil properties (e.g. permeability, cohesion, organic matter 
content) and vegetation.  Soil must be exposed to moving water, so the amount and 
type of ground cover (i.e. vegetation) is generally recognised as the single most 
important factor affecting soil loss at a site (Emerson 1991). 
The inherent erodibility of an exposed soil depends primarily on soil texture and 
aggregate stability.  Inherent erodibility appears to increase with increasing silt and 
sand content and decrease with increasing clay (Wischmeier and Mannering 1969).  
According to Evans (1980) highly erodible soils tend to have a medium texture with 
clay content between 9 and 35 .  Structurally degraded soils tend to be more 
susceptible to erosion than those with good structure. 
Effect Water erosion results in the loss of valuable topsoil.  More importantly, it is a 
selective process, which preferentially removes clays and silts and associated 
nutrients, especially phosphorus (see Section 3.2.7).  The remaining soil is depleted 
and low in fertility.  For example, the loss of only 4 mm of topsoil from a pasture 
paddock causes a 10 to 20  yield decline in the following cereal crop (Marsh 1982).  
Water erosion is a major contributor to the siltation and eutrophication of water 
bodies and declining stream quality through increased turbidity and salinity. 
Susceptible 
soils & 
occurrence 
Water erosion is highly variable, both temporally and spatially, and is confined to 
small portions of land where ground is sloping and not protected by vegetation (e.g. 
the margins of most drainage lines).  Soils most at risk are those with low 
permeability due to proportionately greater surface runoff.  In WA many sands15 are 
susceptible as a result of their non-wetting condition, particularly during rainfall 
immediately following the dry summer period. 
Because of high variability and dependence on sloping ground to generate runoff, 
soil groups cannot be used to estimate the area of highly susceptible soils.  The 
1992 State of the Environment report estimated that some 750,000 ha of land was 
‘affected by’water erosion (EPA 1992).16  However, the basis for this estimate is 
unclear and it was not updated (EPA 1998). 
                                                
14 Shallow subsurface water flow does occur in WA, particularly in shallow duplex soils, where water moves 
through soil above a clay layer.  Associated tunnel erosion however, is relatively rare. 
15 Sands are generally very fast draining. 
16 Note that there is a difference between ‘affected by’ and ‘susceptible to’. 
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Susceptible 
soils & 
occurrence 
There are few areas of high risk on the coastal plain since gradients are generally 
less than 1 or 2  (Figure 14).  Small scale surveys (e.g. 1:250,000 tend to show less 
water erosion than expected because smaller streamlines are not mapped and will 
comprise only a very small portion of a mapping unit.  The total area with a high, very 
high or extreme susceptibility to water erosion risk in the South-West is around 1.2 
Mha or 6  of agricultural land (shaded columns Table 18). 
Management Management should focus on both decreasing the amount of runoff generated and 
reducing the erodibility of the soil.  Runoff generation can be decreased by 
revegetation of slopes, the use of grade and contour banks, and by ploughing on the 
contour.  Water sensitive design of drainage lines, fire breaks and unsealed tracks 
will prevent erosion along these features.  Soil erodibility can be decreased through 
direct drilling, no-till sowing combined with improved stubble management and the 
prevention of overstocking.  Activities that disturb the soil should not coincide with 
peak rainfall periods. 
 
 
Figure 14. Areas of high, very high or extreme susceptibility to water erosion  
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Table 17. Areas susceptible to water erosion in hectares by shire area 
Shire name Very low and Low Moderate High 
Very 
high Extreme DEC Estate 
Other  
(not mapped) 
Total area 
(agricultural 
region) 
Albany (C)  226,348   64,503   8,559   4,928   6,504   112,463   2,550   425,855  
Armadale (C)  4,217   2,579   200   256   314   44,635   3,577   55,777  
Augusta-Margaret River (S)  37,056   19,956   3,703   1,565   1,059   145,314   16,107   224,762  
Beverley (S)  117,281   35,733   8,164   5,086   3,648   65,319   1,531   236,761  
Boddington (S)  31,921   15,855   6,731   3,121   1,699   130,766   1,715   191,808  
Boyup Brook (S)  96,338   62,413   11,652   5,398   3,756   102,541   303   282,401  
Bridgetown-Greenbushes (S)  19,283   16,786   6,649   7,652   1,648   80,371   1,291   133,681  
Brookton (S)  106,137   23,649   3,827   1,928   2,700   20,101   1,665   160,006  
Broomehill (S)  89,754   18,837   3,279   1,855   764   2,561   116   117,164  
Bruce Rock (S)  218,639   13,758   19,612   3,664   174   11,953   4,528   272,327  
Bunbury (C)  472   154   19   41   14   1,558   4,009   6,265  
Busselton (S)  42,948   24,786   3,722   2,041   1,215   53,480   16,801   144,992  
Capel (S)  16,206   9,804   1,065   890   398   17,066   10,312   55,740  
Carnamah (S)  139,319   26,177   2,231   6,044   7,029   104,120   2,091   287,013  
Chapman Valley (S)  275,798   16,424   2,447   3,127   1,162   72,051   406   371,415  
Chittering (S)  58,727   11,792   3,928   4,766   1,099   28,746   12,639   121,698  
Cockburn (C)  1,086   328   14   35   -    1,213   11,918   14,594  
Collie (S)  6,487   3,990   1,651   788   291   153,652   3,281   170,140  
Coorow (S)  249,263   10,041   1,213   5,080   5,332   147,100   626   418,656  
Corrigin (S)  224,905   20,790   10,224   5,782   583   4,994   733   268,011  
Cranbrook (S)  155,345   68,956   8,552   2,982   4,393   86,635   379   327,242  
Cuballing (S)  72,947   23,561   5,034   1,535   156   15,975   235   119,443  
Cunderdin (S)  144,867   25,546   13,083   1,327   522   544   203   186,092  
Dalwallinu (S)  461,539   55,040   4,666   5,471   3,241   52,876   13,847   596,680  
Dandaragan (S)  367,766   11,378   3,548   4,183   4,700   277,790   1,266   670,631  
Dardanup (S)  7,425   6,286   2,719   3,138   452   24,876   7,916   52,812  
Denmark (S)  15,812   15,387   4,270   3,820   296   145,768   360   185,713  
Donnybrook-Balingup (S)  16,781   16,759   11,083   14,094   1,982   94,020   1,218   155,937  
Dowerin (S)  131,598   28,025   16,774   4,225   85   4,001   1,437   186,145  
Dumbleyung (S)  154,892   58,889   15,057   5,267   2,935   16,783   32   253,856  
Esperance (S)  1,281,045   172,123   46,391   5,645   12,917   1,053,674   79   2,571,874  
Geraldton (C)  988   284   55   1   0   956   562   2,846  
Gingin (S)  109,752   29,198   6,190   10,234   1,886   158,139   5,047   320,448  
Gnowangerup (S)  281,517   66,137   9,913   5,471   6,551   56,196   520   426,305  
Goomalling (S)  138,080   27,039   10,593   2,526   1,563   3,497   83   183,381  
Gosnells (C)  3,132   1,223   37   207   788   3,067   4,332   12,787  
Greenough (S)  125,235   24,979   3,803   2,588   132   17,815   419   174,971  
Harvey (S)  21,509   14,492   4,781   5,908   1,016   96,551   26,577   170,835  
Irwin (S)  124,154   4,714   1,177   1,128   61   105,588   34   236,856  
Jerramungup (S)  360,627   42,755   11,053   9,571   6,566   218,447   2,444   651,462  
Kalamunda (S)  2,797   818   97   101   332   26,514   1,699   32,357  
Katanning (S)  100,111   26,859   9,143   3,775   1,517   10,291   37   151,733  
Kellerberrin (S)  127,548   26,564   26,996   1,592   1   7,659   1,039   191,398  
Kent (S)  347,718   64,198   12,249   3,935   2,917   129,908   1,451   562,377  
Kojonup (S)  186,573   72,561   10,053   4,058   1,339   18,217   89   292,890  
Kondinin (S)  322,031   38,792   6,851   1,544   372   43,340   9,988   422,918  
Koorda (S)  166,677   68,493   8,561   1,566   6,380   27,567   3,815   283,058  
Kulin (S)  358,792   50,803   3,935   2,201   649   42,310   12,254   470,945  
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Shire name Very low and Low Moderate High 
Very 
high Extreme DEC Estate 
Other  
(not mapped) 
Total area 
(agricultural 
region) 
Kwinana (T)  807   239   6   27   -    1,491   9,345   11,915  
Lake Grace (S)  650,942   119,749   16,546   5,609   3,375   221,039   10,367   1,027,627  
Mandurah (C)  879   143   129   238   1   9,222   7,465   18,076  
Manjimup (S)  36,946   23,843   6,020   3,313   759   615,101   8,980   694,962  
Merredin (S)  246,587   35,049   15,726   1,743   30   25,438   4,636   329,208  
Mingenew (S)  155,068   15,021   9,533   1,702   1,356   10,232   546   193,458  
Moora (S)  276,146   36,950   14,994   15,565   3,110   29,146   70   375,982  
Morawa (S)  211,687   34,066   1,650   5,231   3,089   47,776   3,288   306,787  
Mount Marshall (S)  298,421   83,415   16,155   12,413   2,559   34,287   7,479   454,728  
Mukinbudin (S)  170,355   62,968   6,393   10,539   1,761   25,988   52   278,056  
Mullewa (S)  433,269   28,024   543   3,049   2,133   29,144   183   496,345  
Mundaring (S)  10,571   1,644   183   408   904   48,998   1,587   64,294  
Murray (S)  30,274   22,687   2,091   2,877   2,496   91,120   17,023   168,568  
Nannup (S)  15,824   12,404   2,700   3,752   815   256,479   1,124   293,096  
Narembeen (S)  331,149   25,289   8,747   1,636   32   13,619   2,677   383,150  
Narrogin (S)  107,694   25,818   6,700   2,269   1,823   15,669   1,682   161,654  
Narrogin (T)  445   56   2   20   -    730   60   1,313  
Northam (S)  92,290   13,954   2,379   4,650   4,554   22,290   233   140,350  
Northam (T)  1,594   518   141   169   120   2   49   2,593  
Northampton (S)  339,507   24,504   1,672   3,459   3,154   54,428   1,825   428,549  
Nungarin (S)  54,449   30,672   7,118   4,797   1,023   17,721   505   116,285  
Perenjori (S)  290,884   33,586   1,545   21,554   10,497   13,312   2,701   374,078  
Pingelly (S)  95,621   18,181   2,849   1,273   1,669   8,821   882   129,297  
Plantagenet (S)  206,990   75,380   6,672   5,120   7,593   185,529   293   487,576  
Quairading (S)  156,137   20,389   11,547   5,495   1,326   4,693   1,912   201,499  
Ravensthorpe (S)  304,661   80,135   1,744   2,247   12,204   728,572   212   1,129,774  
Rockingham (C)  2,573   1,159   201   94   170   932   19,144   24,271  
Serpentine-Jarrahdale (S)  17,779   10,760   2,185   701   765   47,782   9,452   89,424  
Swan (S)  26,735   11,825   2,465   3,373   1,897   44,297   12,903   103,495  
Tambellup (S)  96,921   31,883   4,748   1,405   1,485   7,130   1   143,572  
Tammin (S)  70,794   18,028   16,111   1,184   152   3,410   427   110,106  
Three Springs (S)  189,345   19,556   5,274   4,415   3,339   43,513   213   265,654  
Toodyay (S)  74,740   9,667   1,441   3,042   2,285   77,972   19   169,167  
Trayning (S)  99,229   37,902   12,783   6,425   1,286   7,255   120   164,999  
Victoria Plains (S)  193,597   26,292   6,826   3,913   6,961   16,641   634   254,864  
Wagin (S)  127,809   43,138   8,645   3,404   1,378   10,055   8   194,437  
Wandering (S)  52,503   21,270   6,510   2,865   1,177   105,133   874   190,331  
Wanneroo (S)  13,116   3,917   543   400   -    21,234   18,073   57,284  
Waroona (S)  10,917   10,886   2,986   1,529   234   48,575   7,993   83,121  
West Arthur (S)  150,469   53,560   10,122   2,878   2,084   61,691   2,243   283,048  
Westonia (S)  173,753   27,396   5,103   4,702   1,350   65,391   7,960   285,655  
Wickepin (S)  156,004   27,164   8,384   2,870   1,919   6,129   1,395   203,865  
Williams (S)  106,865   43,812   12,395   5,810   2,660   57,224   1,027   229,793  
Wongan-Ballidu (S)  272,728   34,951   15,634   528   2,060   9,393   1,014   336,307  
Woodanilling (S)  81,420   17,949   5,434   1,136   808   6,097   5   112,849  
Wyalkatchem (S)  94,554   38,905   14,340   4,546   2,702   4,210   162   159,420  
Yalgoo (S)  281   0   -    0   -    1   282   564  
Yilgarn (S)  456,952   119,345   2,633   253   368   159,435   18,917   757,901  
York (S)  113,201   24,200   5,033   5,471   5,435   59,341   420   213,101  
Total  14,650,919   2,898,461  649,135   352,243   210,029   7,412,695  382,024   26,555,507  
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Table 18. Land available to agriculture that is susceptible to water erosion (shaded 
columns) and percentage of total shire area (white columns) 
Shire name Very low and Low ( ) 
Moderate 
 ( ) 
High  
( ) 
Very high ( 
 ) 
Extreme  
( ) 
DEC Estate 
( ) Other ( ) 
Albany (C) 73 53 21 15 3 2 2 1 2 2 26 1 
Armadale (C) 56 8 34 5 3 0 3 0 4 1 80 6 
Augusta-Margaret River (S) 59 16 32 9 6 2 2 1 2 0 65 7 
Beverley (S) 69 50 21 15 5 3 3 2 2 2 28 1 
Boddington (S) 54 17 27 8 11 4 5 2 3 1 68 1 
Boyup Brook (S) 54 34 35 22 6 4 3 2 2 1 36 0 
Bridgetown-Greenbushes (S) 37 14 32 13 13 5 15 6 3 1 60 1 
Brookton (S) 77 66 17 15 3 2 1 1 2 2 13 1 
Broomehill (S) 78 77 16 16 3 3 2 2 1 1 2 0 
Bruce Rock (S) 85 80 5 5 8 7 1 1 0 0 4 2 
Bunbury (C) 67 8 22 2 3 0 6 1 2 0 25 64 
Busselton (S) 57 30 33 17 5 3 3 1 2 1 37 12 
Capel (S) 57 29 35 18 4 2 3 2 1 1 31 18 
Carnamah (S) 77 49 14 9 1 1 3 2 4 2 36 1 
Chapman Valley (S) 92 74 5 4 1 1 1 1 0 0 19 0 
Chittering (S) 73 48 15 10 5 3 6 4 1 1 24 10 
Cockburn (C) 74 7 22 2 1 0 2 0 0 0 8 82 
Collie (S) 49 4 30 2 12 1 6 0 2 0 90 2 
Coorow (S) 92 60 4 2 0 0 2 1 2 1 35 0 
Corrigin (S) 86 84 8 8 4 4 2 2 0 0 2 0 
Cranbrook (S) 65 47 29 21 4 3 1 1 2 1 26 0 
Cuballing (S) 71 61 23 20 5 4 1 1 0 0 13 0 
Cunderdin (S) 78 78 14 14 7 7 1 1 0 0 0 0 
Dalwallinu (S) 87 77 10 9 1 1 1 1 1 1 9 2 
Dandaragan (S) 94 55 3 2 1 1 1 1 1 1 41 0 
Dardanup (S) 37 14 31 12 14 5 16 6 2 1 47 15 
Denmark (S) 40 9 39 8 11 2 10 2 1 0 78 0 
Donnybrook-Balingup (S) 28 11 28 11 18 7 23 9 3 1 60 1 
Dowerin (S) 73 71 16 15 9 9 2 2 0 0 2 1 
Dumbleyung (S) 65 61 25 23 6 6 2 2 1 1 7 0 
Esperance (S) 84 50 11 7 3 2 0 0 1 1 41 0 
Geraldton (C) 74 35 21 10 4 2 0 0 0 0 34 20 
Gingin (S) 70 34 19 9 4 2 7 3 1 1 49 2 
Gnowangerup (S) 76 66 18 16 3 2 1 1 2 2 13 0 
Goomalling (S) 77 75 15 15 6 6 1 1 1 1 2 0 
Gosnells (C) 58 24 23 10 1 0 4 2 15 6 24 34 
Greenough (S) 80 72 16 14 2 2 2 1 0 0 10 0 
Harvey (S) 45 13 30 8 10 3 12 3 2 1 57 16 
Irwin (S) 95 52 4 2 1 0 1 0 0 0 45 0 
Jerramungup (S) 84 55 10 7 3 2 2 1 2 1 34 0 
Kalamunda (S) 67 9 20 3 2 0 2 0 8 1 82 5 
Katanning (S) 71 66 19 18 6 6 3 2 1 1 7 0 
Kellerberrin (S) 70 67 15 14 15 14 1 1 0 0 4 1 
Kent (S) 81 62 15 11 3 2 1 1 1 1 23 0 
Kojonup (S) 68 64 26 25 4 3 1 1 0 0 6 0 
Kondinin (S) 87 76 10 9 2 2 0 0 0 0 10 2 
Koorda (S) 66 59 27 24 3 3 1 1 3 2 10 1 
Kulin (S) 86 76 12 11 1 1 1 0 0 0 9 3 
Kwinana (T) 75 7 22 2 1 0 3 0 0 0 13 78 
Lake Grace (S) 82 63 15 12 2 2 1 1 0 0 22 1 
Mandurah (C) 63 5 10 1 9 1 17 1 0 0 51 41 
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Shire name Very low and Low ( ) 
Moderate 
 ( ) 
High  
( ) 
Very high ( 
 ) 
Extreme  
( ) 
DEC Estate 
( ) Other ( ) 
Manjimup (S) 52 5 34 3 8 1 5 0 1 0 89 1 
Merredin (S) 82 75 12 11 5 5 1 1 0 0 8 1 
Mingenew (S) 85 80 8 8 5 5 1 1 1 1 5 0 
Moora (S) 80 73 11 10 4 4 4 4 1 1 8 0 
Morawa (S) 83 69 13 11 1 1 2 2 1 1 16 1 
Mount Marshall (S) 72 66 20 18 4 4 3 3 1 1 8 2 
Mukinbudin (S) 68 61 25 23 3 2 4 4 1 1 9 0 
Mullewa (S) 93 87 6 6 0 0 1 1 0 0 6 0 
Mundaring (S) 77 16 12 3 1 0 3 1 7 1 76 2 
Murray (S) 50 18 38 13 3 1 5 2 4 1 54 10 
Nannup (S) 45 5 35 4 8 1 11 1 2 0 88 0 
Narembeen (S) 90 86 7 7 2 2 0 0 0 0 4 1 
Narrogin (S) 75 67 18 16 5 4 2 1 1 1 10 1 
Narrogin (T) 85 34 11 4 0 0 4 2 0 0 56 5 
Northam (S) 78 66 12 10 2 2 4 3 4 3 16 0 
Northam (T) 63 61 20 20 6 5 7 7 5 5 0 2 
Northampton (S) 91 79 7 6 0 0 1 1 1 1 13 0 
Nungarin (S) 56 47 31 26 7 6 5 4 1 1 15 0 
Perenjori (S) 81 78 9 9 0 0 6 6 3 3 4 1 
Pingelly (S) 80 74 15 14 2 2 1 1 1 1 7 1 
Plantagenet (S) 69 42 25 15 2 1 2 1 3 2 38 0 
Quairading (S) 80 77 10 10 6 6 3 3 1 1 2 1 
Ravensthorpe (S) 76 27 20 7 0 0 1 0 3 1 64 0 
Rockingham (C) 61 11 28 5 5 1 2 0 4 1 4 79 
Serpentine-Jarrahdale (S) 55 20 33 12 7 2 2 1 2 1 53 11 
Swan (S) 58 26 26 11 5 2 7 3 4 2 43 12 
Tambellup (S) 71 68 23 22 3 3 1 1 1 1 5 0 
Tammin (S) 67 64 17 16 15 15 1 1 0 0 3 0 
Three Springs (S) 85 71 9 7 2 2 2 2 2 1 16 0 
Toodyay (S) 82 44 11 6 2 1 3 2 3 1 46 0 
Trayning (S) 63 60 24 23 8 8 4 4 1 1 4 0 
Victoria Plains (S) 81 76 11 10 3 3 2 2 3 3 7 0 
Wagin (S) 69 66 23 22 5 4 2 2 1 1 5 0 
Wandering (S) 62 28 25 11 8 3 3 2 1 1 55 0 
Wanneroo (S) 73 23 22 7 3 1 2 1 0 0 37 32 
Waroona (S) 41 13 41 13 11 4 6 2 1 0 58 10 
West Arthur (S) 69 53 24 19 5 4 1 1 1 1 22 1 
Westonia (S) 82 61 13 10 2 2 2 2 1 0 23 3 
Wickepin (S) 79 77 14 13 4 4 1 1 1 1 3 1 
Williams (S) 62 47 26 19 7 5 3 3 2 1 25 0 
Wongan-Ballidu (S) 84 81 11 10 5 5 0 0 1 1 3 0 
Woodanilling (S) 76 72 17 16 5 5 1 1 1 1 5 0 
Wyalkatchem (S) 61 59 25 24 9 9 3 3 2 2 3 0 
Yalgoo (S) 100 50 0 0 0 0 0 0 0 0 0 50 
Yilgarn (S) 79 60 21 16 0 0 0 0 0 0 21 2 
York (S) 74 53 16 11 3 2 4 3 4 3 28 0 
Total 78 55 15 11 3 2 2 1 1 1 28 1 
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3.2.7 Susceptibility to phosphorus export 
Description  Phosphorus (P) is an important contributor to the eutrophication of waterways.  Like 
nitrogen, P is required by plants in relatively large quantities for normal growth.  
Unlike nitrogen, P rapidly forms insoluble compounds when applied to soil and 
plants are unable to absorb it directly from the atmosphere.  Nutrient management 
programs commonly target phosphorus as the limiting nutrient for algal growth (van 
Gool et al. 2005). 
Susceptibility to P export assesses the likelihood of phosphorus runoff and 
contributing to eutrophication of surface water.  Susceptibility does not consider 
movement of P into deep groundwater, which is a problem more commonly 
associated with nitrogen (van Gool et al. 2005). 
Causes P is transported in moving water.  Thus, increased export is linked to excessive 
clearing of native vegetation, drainage of waterlogged soils, the application of highly 
soluble fertilisers to correct nutrient deficiencies (e.g. superphosphate) and the 
establishment of pasture with limited root systems and limited ability to take up 
applied nutrients (Weaver and Summers 1998). 
Provided that sufficient contact time has occurred, P in soils tends to be firmly tied 
to soil particles.  Hence, water erosion is generally the main mechanism of P 
export.  This is true even for soils with a low phosphorus retention index (PRI), 
except with uniform sands.  Uniform sands have very little capacity to retain P (i.e. 
very low PRI) and are therefore often considered to have higher susceptibility to 
shed phosphorus than other soils.  While it is true that P concentrations in the runoff 
from uniform sands are high, this tends to be offset by the fact that they are highly 
permeable and the total volume of runoff generated is low.  Hence, the assumption 
that uniform sands have a high risk of P exported in surface (and shallow 
subsurface) drainage water is questionable (Summers et al. 1999).  Nevertheless, 
in uniform sands P is leached rapidly from root zones of many plants, but its 
ultimate fate is poorly understood. 
Effect High P export can cause eutrophication of waterways, but loss of P available to 
crops is also a problem.  P-deficient plants are characterised by low yields and poor 
quality produce.  For dryland farming, large amounts of P must be applied if healthy 
plants are to be grown in most of Australia’s highly weathered soils.17  The same 
applies for horticulture on uniform sands.  Milani (1990) found that over-fertilising 
was frequently confused with water stress, as both result in wilting plants.  Over-
watering will exacerbate P leaching, especially on over-fertilised uniform sands. 
Susceptible 
soils & 
occurrence 
Susceptibility to P export risk is primarily a concern along the coastal zones of the 
south-west and the south coast (Hodgkin and Hamilton 1993).  Areas such as the 
coastal plain, which are characterised by sandy soils and intensive drainage, are 
particularly at risk (see Figure 15, Tables 19 and 20). 
                                                
17 It is interesting to note that the Australian macadamia nut has very low phosphorus requirements.  In fact, in 
macadamia, iron chlorosis may occur if dry matter P content (in leaves) is greater than 0.15% .  Cabbage by 
comparison requires 0.4% to 0.6% dry matter P content for healthy growth. 
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Management The main mechanisms of control are stabilisation of catchment processes and 
reduction of nutrient outputs. 
Stabilisation of catchment process focuses on controlling the mechanism by which 
P is transported into water bodies.  The key strategies are riparian and drainage 
management.  By managing riparian vegetation and streamlining drains with 
vegetated buffers nutrients are filtered out before they enter waterways.  Riparian 
management includes stock exclusion, rehabilitation and revegetation, construction 
of stock crossings and off-stream watering points.  For intensive developments, 
water-sensitive residential design guidelines (DPUD 1993) should be adhered to. 
Reduction of nutrient outputs can be achieved through a number of methods, 
particularly effective fertiliser management.  This involves matching fertiliser 
application to plant requirements through regular soil and tissue testing, and 
managing the timing and method of application to avoid leaching and runoff.  
Nutrient outputs can also be reduced through the use of specifically formulated 
fertilisers such as New Coastal Superphosphate or RedCoat18 and applying soil 
amendments to sandy soils such as high PRI loams (Gilkes et al. 1992) or ‘Red 
mud’19 (Summers et al. 1993).  Replacing annual pastures with perennial pastures 
will minimise nutrient losses from leaching as they use nutrients longer and from 
greater depth.  Adherence to good irrigation design and specifically tailored 
irrigation strategy will reduce phosphorus losses, as will restricting levels and 
intensity of developments (e.g. urban, horticulture) in waterlogged areas, and 
treatment of point source pollution (e.g. piggeries, stock-holding yards, dairies) 
effluent prior to discharge. 
                                                
18 Single superphosphate coated with bauxite residue.  This fertiliser is more suitable for coarse-grained sandy 
soils in the high rainfall regions (Summers et al. 2000).  Not presently available to the market. 
19 The residue produced in the process of extracting alumina from bauxite.  Also called Alkaloam, ‘red mud’ has 
been shown to increase phosphorus retention in sandy soils (Summers et al. 1993, 1996). 
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Figure 15. Areas of unfavourable susceptibility to phosphorus export 
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Table 19. Susceptibility to phosphorus export in hectares by shire area 
Shire name Low Moderate High Very high Extreme DEC Estate 
Other  
(not 
mapped) 
Total area 
(agricultural 
region) 
Albany (C) 198,494 58,076 27,784 11,137 15,359 112,463 2,542 425,855 
Armadale (C) 2,075 1,738 1,033 1,667 1,053 44,635 3,576 55,777 
Augusta-Margaret River (S) 26,939 19,705 6,867 4,630 5,194 145,314 16,113 224,762 
Beverley (S) 95,050 28,701 9,631 30,475 6,054 65,319 1,531 236,761 
Boddington (S) 26,625 21,003 5,856 4,092 1,751 130,766 1,715 191,808 
Boyup Brook (S) 76,016 66,393 16,985 13,560 6,604 102,541 303 282,401 
Bridgetown-Greenbushes 
(S) 
16,075 16,164 8,528 8,548 2,703 80,371 1,291 133,681 
Brookton (S) 84,795 36,000 5,860 7,864 3,722 20,101 1,665 160,006 
Broomehill (S) 80,730 26,842 2,442 3,711 874 2,561 6 117,164 
Bruce Rock (S) 206,418 22,164 8,911 17,411 941 11,953 4,528 272,327 
Bunbury (C) 180 191 74 140 120 1,557 4,004 6,265 
Busselton (S) 22,758 29,364 10,481 5,469 6,637 53,480 16,803 144,992 
Capel (S) 5,375 10,683 4,930 2,714 4,718 17,066 10,254 55,740 
Carnamah (S) 79,885 54,058 21,845 16,616 8,398 104,120 2,091 287,013 
Chapman Valley (S) 271,507 16,483 4,623 4,365 1,979 72,051 406 371,415 
Chittering (S) 48,106 8,001 10,538 7,734 5,933 28,746 12,639 121,698 
Cockburn (C) 204 228 395 477 160 1,213 11,918 14,594 
Collie (S) 5,262 3,798 2,073 1,197 875 153,652 3,281 170,139 
Coorow (S) 185,525 48,241 23,923 6,392 6,849 147,100 626 418,656 
Corrigin (S) 206,797 33,046 9,670 11,576 1,194 4,994 733 268,011 
Cranbrook (S) 122,577 81,468 13,395 13,871 8,932 86,635 364 327,242 
Cuballing (S) 59,886 29,955 9,715 3,482 196 15,975 235 119,443 
Cunderdin (S) 115,129 24,330 12,969 29,506 3,412 544 203 186,092 
Dalwallinu (S) 409,526 92,431 2,010 22,654 3,336 52,876 13,847 596,680 
Dandaragan (S) 259,204 61,119 45,069 14,438 11,834 277,790 1,177 670,631 
Dardanup (S) 3,721 7,834 3,503 3,714 1,275 24,876 7,890 52,812 
Denmark (S) 10,277 13,325 9,532 3,074 3,376 145,768 360 185,713 
Donnybrook-Balingup (S) 12,614 19,197 11,760 14,910 2,219 94,020 1,218 155,937 
Dowerin (S) 115,702 34,465 2,134 27,567 840 4,001 1,437 186,145 
Dumbleyung (S) 135,400 73,031 13,105 12,571 2,935 16,783 32 253,856 
Esperance (S) 1,197,025 225,289 71,095 4,095 20,617 1,053,674 79 2,571,874 
Geraldton (C) 907 365 55 1 0 956 562 2,846 
Gingin (S) 71,997 35,455 13,827 18,653 17,328 158,139 5,047 320,448 
Gnowangerup (S) 259,043 78,078 17,034 7,887 8,050 56,196 17 426,305 
Goomalling (S) 109,062 28,423 7,251 31,014 4,052 3,497 83 183,381 
Gosnells (C) 1,330 1,212 873 743 1,230 3,067 4,332 12,787 
Greenough (S) 109,752 30,990 10,301 4,038 1,656 17,815 419 174,971 
Harvey (S) 9,816 16,403 8,726 7,979 4,791 96,551 26,570 170,835 
Irwin (S) 81,261 23,623 23,473 1,662 1,215 105,588 34 236,856 
Jerramungup (S) 317,420 64,755 17,446 19,365 11,589 218,447 2,440 651,462 
Kalamunda (S) 1,960 1,042 328 294 521 26,514 1,699 32,357 
Katanning (S) 85,136 40,464 5,573 8,712 1,540 10,291 18 151,733 
Kellerberrin (S) 117,274 12,575 6,021 44,741 2,089 7,659 1,039 191,398 
Kent (S) 301,534 93,712 16,581 14,670 4,560 129,908 1,413 562,377 
Kojonup (S) 166,725 81,582 9,077 15,126 2,075 18,217 89 292,890 
Kondinin (S) 290,446 69,935 6,724 1,999 486 43,340 9,988 422,918 
Koorda (S) 149,432 70,614 1,313 23,938 6,380 27,567 3,815 283,058 
Kulin (S) 329,097 76,580 6,760 3,272 671 42,310 12,254 470,945 
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Shire name Low Moderate High Very high Extreme DEC Estate 
Other  
(not 
mapped) 
Total area 
(agricultural 
region) 
Kwinana (T) 185 193 280 228 193 1,491 9,345 11,915 
Lake Grace (S) 575,869 166,303 32,953 17,001 4,094 221,039 10,367 1,027,627 
Mandurah (C) 559 334 213 274 10 9,222 7,465 18,076 
Manjimup (S) 30,697 22,729 9,906 3,976 3,573 615,101 8,980 694,962 
Merredin (S) 226,637 41,716 4,821 23,947 2,013 25,438 4,636 329,208 
Mingenew (S) 130,557 23,987 18,009 7,216 2,910 10,232 546 193,458 
Moora (S) 238,806 23,487 12,491 59,463 12,518 29,146 70 375,982 
Morawa (S) 203,331 19,509 15,034 14,760 3,089 47,776 3,288 306,787 
Mount Marshall (S) 265,977 105,368 643 38,416 2,559 34,287 7,479 454,728 
Mukinbudin (S) 149,299 76,870 489 23,596 1,761 25,988 52 278,056 
Mullewa (S) 426,183 6,535 11,026 20,938 2,335 29,144 183 496,345 
Mundaring (S) 10,264 1,794 263 460 929 48,998 1,586 64,294 
Murray (S) 8,926 23,887 6,403 12,708 8,726 91,120 16,798 168,568 
Nannup (S) 6,561 7,925 8,439 9,058 3,510 256,479 1,124 293,096 
Narembeen (S) 313,222 41,081 2,611 9,364 576 13,619 2,677 383,150 
Narrogin (S) 90,986 36,860 5,406 8,683 2,368 15,669 1,682 161,654 
Narrogin (T) 418 80 4 20 0 730 60 1,313 
Northam (S) 85,779 13,783 2,748 10,258 5,258 22,290 233 140,350 
Northam (T) 1,538 230 45 545 183 2 49 2,593 
Northampton (S) 315,517 30,301 20,135 3,672 4,353 54,428 142 428,549 
Nungarin (S) 46,756 32,500 553 16,724 1,526 17,721 505 116,285 
Perenjori (S) 267,170 36,930 7,785 35,683 10,497 13,312 2,701 374,078 
Pingelly (S) 83,952 27,241 4,096 1,944 2,361 8,821 882 129,297 
Plantagenet (S) 171,514 89,525 17,237 9,582 13,904 185,529 285 487,576 
Quairading (S) 136,166 31,026 11,635 14,190 1,877 4,693 1,912 201,499 
Ravensthorpe (S) 289,629 85,362 7,070 3,842 15,086 728,572 212 1,129,774 
Rockingham (C) 822 1,567 519 830 459 932 19,144 24,271 
Serpentine-Jarrahdale (S) 7,456 9,845 5,282 4,665 4,986 47,782 9,409 89,424 
Swan (S) 17,134 5,901 7,671 8,159 7,445 44,297 12,889 103,495 
Tambellup (S) 80,073 43,656 4,955 5,627 2,130 7,130 1 143,572 
Tammin (S) 63,675 8,988 2,902 29,558 1,146 3,410 427 110,106 
Three Springs (S) 134,770 38,238 30,476 11,839 6,605 43,513 213 265,654 
Toodyay (S) 67,044 13,331 3,229 4,605 2,975 77,972 11 169,167 
Trayning (S) 88,903 34,979 1,585 29,862 2,295 7,255 120 164,999 
Victoria Plains (S) 159,040 27,252 14,240 25,621 11,435 16,641 634 254,864 
Wagin (S) 108,022 58,024 6,132 10,312 1,884 10,055 8 194,437 
Wandering (S) 43,831 26,801 8,505 3,948 1,239 105,133 874 190,331 
Wanneroo (S) 5,144 5,648 3,924 2,045 1,216 21,234 18,073 57,284 
Waroona (S) 3,716 10,823 5,046 3,790 3,186 48,575 7,985 83,121 
West Arthur (S) 119,759 72,561 11,263 11,571 3,960 61,691 2,243 283,048 
Westonia (S) 147,934 50,208 180 11,100 2,881 65,391 7,960 285,655 
Wickepin (S) 138,022 40,461 7,519 8,022 2,318 6,129 1,395 203,865 
Williams (S) 90,410 56,214 13,964 8,059 2,896 57,224 1,027 229,793 
Wongan-Ballidu (S) 246,957 41,761 2,393 31,746 3,043 9,393 1,014 336,307 
Woodanilling (S) 61,430 35,260 3,344 5,640 1,073 6,097 5 112,849 
Wyalkatchem (S) 84,548 32,594 1,861 32,674 3,371 4,210 162 159,420 
Yalgoo (S) 281 0 0 0 0 1 282 564 
Yilgarn (S) 402,360 170,456 525 5,177 1,032 159,435 18,917 757,901 
York (S) 104,774 15,516 5,022 21,062 6,966 59,341 420 213,101 
Total 12,734,670 3,634,767  868,933  1,136,211  389,073  7,412,695  379,158  26,555,507  
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Table 20. Land available to agriculture that is susceptible to phosphorus export 
(shaded columns) and percentage of total shire area (white columns) 
Shire name Low  ( ) 
Moderate 
 ( ) 
High 
 ( ) 
Very high 
 ( ) Extreme ( ) 
DEC 
Estate ( ) 
Other ( 
) 
Albany (C) 64 47 19 14 9 7 4 3 5 4 26 1 
Armadale (C) 27 4 23 3 14 2 22 3 14 2 80 6 
Augusta-Margaret River (S) 43 12 31 9 11 3 7 2 8 2 65 7 
Beverley (S) 56 40 17 12 6 4 18 13 4 3 28 1 
Boddington (S) 45 14 35 11 10 3 7 2 3 1 68 1 
Boyup Brook (S) 42 27 37 24 9 6 8 5 4 2 36 0 
Bridgetown-Greenbushes (S) 31 12 31 12 16 6 16 6 5 2 60 1 
Brookton (S) 61 53 26 22 4 4 6 5 3 2 13 1 
Broomehill (S) 70 69 23 23 2 2 3 3 1 1 2 0 
Bruce Rock (S) 81 76 9 8 3 3 7 6 0 0 4 2 
Bunbury (C) 26 3 27 3 10 1 20 2 17 2 25 64 
Busselton (S) 30 16 39 20 14 7 7 4 9 5 37 12 
Capel (S) 19 10 38 19 17 9 10 5 17 8 31 18 
Carnamah (S) 44 28 30 19 12 8 9 6 5 3 36 1 
Chapman Valley (S) 91 73 6 4 2 1 1 1 1 1 19 0 
Chittering (S) 60 40 10 7 13 9 10 6 7 5 24 10 
Cockburn (C) 14 1 16 2 27 3 33 3 11 1 8 82 
Collie (S) 40 3 29 2 16 1 9 1 7 1 90 2 
Coorow (S) 68 44 18 12 9 6 2 2 3 2 35 0 
Corrigin (S) 79 77 13 12 4 4 4 4 0 0 2 0 
Cranbrook (S) 51 37 34 25 6 4 6 4 4 3 26 0 
Cuballing (S) 58 50 29 25 9 8 3 3 0 0 13 0 
Cunderdin (S) 62 62 13 13 7 7 16 16 2 2 0 0 
Dalwallinu (S) 77 69 17 15 0 0 4 4 1 1 9 2 
Dandaragan (S) 66 39 16 9 12 7 4 2 3 2 41 0 
Dardanup (S) 19 7 39 15 17 7 19 7 6 2 47 15 
Denmark (S) 26 6 34 7 24 5 8 2 9 2 78 0 
Donnybrook-Balingup (S) 21 8 32 12 19 8 25 10 4 1 60 1 
Dowerin (S) 64 62 19 19 1 1 15 15 0 0 2 1 
Dumbleyung (S) 57 53 31 29 6 5 5 5 1 1 7 0 
Esperance (S) 79 47 15 9 5 3 0 0 1 1 41 0 
Geraldton (C) 68 32 27 13 4 2 0 0 0 0 34 20 
Gingin (S) 46 22 23 11 9 4 12 6 11 5 49 2 
Gnowangerup (S) 70 61 21 18 5 4 2 2 2 2 13 0 
Goomalling (S) 61 59 16 15 4 4 17 17 2 2 2 0 
Gosnells (C) 25 10 22 9 16 7 14 6 23 10 24 34 
Greenough (S) 70 63 20 18 7 6 3 2 1 1 10 0 
Harvey (S) 21 6 34 10 18 5 17 5 10 3 57 16 
Irwin (S) 62 34 18 10 18 10 1 1 1 1 45 0 
Jerramungup (S) 74 49 15 10 4 3 4 3 3 2 34 0 
Kalamunda (S) 47 6 25 3 8 1 7 1 13 2 82 5 
Katanning (S) 60 56 29 27 4 4 6 6 1 1 7 0 
Kellerberrin (S) 64 61 7 7 3 3 24 23 1 1 4 1 
Kent (S) 70 54 22 17 4 3 3 3 1 1 23 0 
Kojonup (S) 61 57 30 28 3 3 6 5 1 1 6 0 
Kondinin (S) 79 69 19 17 2 2 1 0 0 0 10 2 
Koorda (S) 59 53 28 25 1 0 10 8 3 2 10 1 
Kulin (S) 79 70 18 16 2 1 1 1 0 0 9 3 
Kwinana (T) 17 2 18 2 26 2 21 2 18 2 13 78 
Lake Grace (S) 72 56 21 16 4 3 2 2 1 0 22 1 
Mandurah (C) 40 3 24 2 15 1 20 2 1 0 51 41 
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Shire name Low  ( ) 
Moderate 
 ( ) 
High 
 ( ) 
Very high 
 ( ) Extreme ( ) 
DEC 
Estate ( ) 
Other ( 
) 
Manjimup (S) 43 4 32 3 14 1 6 1 5 1 89 1 
Merredin (S) 76 69 14 13 2 1 8 7 1 1 8 1 
Mingenew (S) 71 67 13 12 10 9 4 4 2 2 5 0 
Moora (S) 69 64 7 6 4 3 17 16 4 3 8 0 
Morawa (S) 80 66 8 6 6 5 6 5 1 1 16 1 
Mount Marshall (S) 64 58 26 23 0 0 9 8 1 1 8 2 
Mukinbudin (S) 59 54 31 28 0 0 9 8 1 1 9 0 
Mullewa (S) 91 86 1 1 2 2 4 4 0 0 6 0 
Mundaring (S) 75 16 13 3 2 0 3 1 7 1 76 2 
Murray (S) 15 5 39 14 11 4 21 8 14 5 54 10 
Nannup (S) 18 2 22 3 24 3 26 3 10 1 88 0 
Narembeen (S) 85 82 11 11 1 1 3 2 0 0 4 1 
Narrogin (S) 63 56 26 23 4 3 6 5 2 1 10 1 
Narrogin (T) 80 32 15 6 1 0 4 2 0 0 56 5 
Northam (S) 73 61 12 10 2 2 9 7 4 4 16 0 
Northam (T) 61 59 9 9 2 2 21 21 7 7 0 2 
Northampton (S) 84 74 8 7 5 5 1 1 1 1 13 0 
Nungarin (S) 48 40 33 28 1 0 17 14 2 1 15 0 
Perenjori (S) 75 71 10 10 2 2 10 10 3 3 4 1 
Pingelly (S) 70 65 23 21 3 3 2 2 2 2 7 1 
Plantagenet (S) 57 35 30 18 6 4 3 2 5 3 38 0 
Quairading (S) 70 68 16 15 6 6 7 7 1 1 2 1 
Ravensthorpe (S) 72 26 21 8 2 1 1 0 4 1 64 0 
Rockingham (C) 20 3 37 6 12 2 20 3 11 2 4 79 
Serpentine-Jarrahdale (S) 23 8 31 11 16 6 14 5 15 6 53 11 
Swan (S) 37 17 13 6 17 7 18 8 16 7 43 12 
Tambellup (S) 59 56 32 30 4 3 4 4 2 1 5 0 
Tammin (S) 60 58 8 8 3 3 28 27 1 1 3 0 
Three Springs (S) 61 51 17 14 14 11 5 4 3 2 16 0 
Toodyay (S) 74 40 15 8 4 2 5 3 3 2 46 0 
Trayning (S) 56 54 22 21 1 1 19 18 1 1 4 0 
Victoria Plains (S) 67 62 11 11 6 6 11 10 5 4 7 0 
Wagin (S) 59 56 31 30 3 3 6 5 1 1 5 0 
Wandering (S) 52 23 32 14 10 4 5 2 1 1 55 0 
Wanneroo (S) 29 9 31 10 22 7 11 4 7 2 37 32 
Waroona (S) 14 4 41 13 19 6 14 5 12 4 58 10 
West Arthur (S) 55 42 33 26 5 4 5 4 2 1 22 1 
Westonia (S) 70 52 24 18 0 0 5 4 1 1 23 3 
Wickepin (S) 70 68 21 20 4 4 4 4 1 1 3 1 
Williams (S) 53 39 33 24 8 6 5 4 2 1 25 0 
Wongan-Ballidu (S) 76 73 13 12 1 1 10 9 1 1 3 0 
Woodanilling (S) 58 54 33 31 3 3 5 5 1 1 5 0 
Wyalkatchem (S) 55 53 21 20 1 1 21 20 2 2 3 0 
Yalgoo (S) 100 50 0 0 0 0 0 0 0 0 0 50 
Yilgarn (S) 69 53 29 22 0 0 1 1 0 0 21 2 
York (S) 68 49 10 7 3 2 14 10 5 3 28 0 
Total 68 48 19 14 5 3 6 4 2 1 28 1 
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3.2.8 Surface salinity and salinity risk  
Description Surface salinity refers to an excess of soluble salts (primarily sodium chloride) in 
the soil solution which adversely affects plant growth.  Surface salinity assesses the 
current salinity status of the soil.  Salinity risk refers to the likelihood of the soil 
becoming saline given current land use patterns and management practices.  
Salinity risk is an estimate of the extent of salinisation likely to develop once the 
water balance reaches a new (post-clearing) equilibrium (van Gool et al. 2005). 
Salinity may be classified as either primary salinity or secondary salinity (also called 
dryland salinity).  Primary salinity refers to salinity present within the landscape in 
its virgin or non-cleared state and is generally confined to certain soil types within 
the Zone of Ancient Drainage and areas where annual rainfall is <350 mm.  
Secondary salinity refers to that which has developed after clearing.  Surface 
salinity is mainly concerned with secondary salinity.  Predicting where secondary 
salinity may develop is extremely difficult because it involves complex interactions 
among geology, geomorphology, degree of clearing, hydrology, climate, land use 
history and management (Moore 1998).  As a result, the assessment of salinity risk 
from soil-landscape mapping uses general map unit information and local 
knowledge.  Consequently, accuracy may be significantly influenced by the 
experience of the soil surveyor, or other assessor.  More objective methods of 
obtaining consistent salinity risk assessments are being reviewed by DAFWA and 
CSIRO. 
Causes Secondary salinity is the result of a disturbance of the hydrological balance.  The 
primary cause has been the clearing of perennial native vegetation and its 
replacement with shallower-rooted annual pastures and crops.  This has caused 
groundwater levels to rise and subsequent mobilisation of ancient salt deposits 
stored within the soil profile.  These salts are present naturally, brought in with 
rainfall20 and accumulated over a long time.  Consequently secondary salinity is 
most closely related to watertable height.  However, landform, site drainage, 
geology and vegetation also have an effect.  Developments which obstruct the 
natural flow of surface drainage, or irrigation for agriculture (e.g. market gardens) 
may also result in surface salinity. 
Effect Salinity reduces a plant’s ability to absorb water by adversely affecting the osmotic 
potential of the root zone solution.  It can also induce nutrient deficiencies by 
affecting plants’ metabolism or by inhibiting the uptake of necessary nutrients.  High 
sodium salt concentrations, for instance, can cause calcium and magnesium 
deficiencies.  The salt tolerance of agricultural plants varies considerably between 
species and stage of growth.21  In general, crops tolerate salinity to a threshold 
level, but above this yields decrease approximately linearly with increasing salt 
concentrations (Maas and Hoffman 1977). 
High exchangeable sodium and magnesium ion concentrations are also often 
associated with adverse physical soil conditions, such as soil structure decline and 
soil swelling and dispersion, leading to reduced permeability aeration and root 
penetration (Smolinski and Scholz 1997).  Surface salinity has also resulted in 
many major rivers becoming too salty for irrigation or human consumption. 
                                                
20 For example, the amount of salt deposited in rainfall at Geraldton, Salmon Gums and Merredin is 195, 30 and 
18 kg/ha/year respectively (Teakle 1937, Hingston 1958, Hingston and Gailitis 1976). 
21 For example, clover is moderately susceptible to salinity threshold (ECe 150 mS/m) while barley is generally 
quite tolerant (ECe 800 mS/m).  Even for barley, during the emergence and seedling stage ECe should not 
exceed 400-500 mS/m (land with ECe >400 mS/m is generally said to be saline). 
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Susceptible 
soils & 
occurrence 
It is estimated that almost 16  of cleared farmland was affected by salinity in 2000 
(Short and McConnell 2001).  Saline land (moderate or greater or >400 mSm) is 
estimated to be 6  of the agricultural region (see the grey columns on Table 22).22  
This is expected to increase to some 6.5 Mha, or 33  by 2050, when a new 
groundwater recharge-discharge equilibrium is reached.  Salinity risk from the 
mapping is estimated to be about 25  (see the grey columns on Table 24). 
Secondary salinity is most prominent on valley floors (Figures 16 and 17).  It also 
occurs in many coastal areas.  However, higher rainfall and greater through-flow of 
water in these areas mean that salinity levels are likely to remain lower.  It also 
means that salinity management options are usually easier and cheaper than in 
drier areas such as the wheatbelt. 
Management Effective management of secondary salinity must include both management of the 
catchment and the saltland.  The primary aim is to lower the groundwater.  This can 
be done by increasing evapo-transpiration or decreasing surface recharge.  
Planting perennials such as trees, fodder shrubs and pastures, or re-establishing 
native vegetation will increase evapo-transpiration.  Collecting surface water via 
interceptor drains and dams will decrease recharge.  Groundwater can also be 
managed by installing deep drainage, however cost is usually prohibitive for dryland 
agriculture. 
Areas suffering primary salinity are not suitable for agriculture and should not be 
cleared.  If they have been cleared, management options will be restricted unless 
the surface soil has low permeability, when improving infiltration may increase 
leaching of the salt (Moore 1998). 
                                                
22 The estimate by Short and McConnell possibly included slight salinity, which has not been recorded separately 
on this table. 
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Figure 16. Areas of moderate, high or extreme surface salinity  
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Table 21. Surface salinity in hectares by shire area 
Shire name Nil and Slight Moderate High and Extreme DEC Estate 
Other 
(not mapped) 
Total area 
 (agricultural region) 
Albany (C)  298,140   1,265   4,111   112,463   9,876   425,855  
Armadale (C)  7,021   461   15   44,635   3,645   55,777  
Augusta-Margaret River (S)  63,117   -    1   145,314   16,330   224,762  
Beverley (S)  153,957   8,174   1,036   65,319   8,275   236,761  
Boddington (S)  55,258   1,493   129   130,766   4,161   191,808  
Boyup Brook (S)  171,473   4,949   2,034   102,541   1,406   282,401  
Bridgetown-Greenbushes (S)  51,083   313   144   80,371   1,770   133,681  
Brookton (S)  126,269   5,785   3,264   20,101   4,587   160,006  
Broomehill (S)  102,283   6,220   4,405   2,561   1,696   117,164  
Bruce Rock (S)  234,700   12,868   6,829   11,953   5,977   272,327  
Bunbury (C)  693   6   4   1,558   4,004   6,265  
Busselton (S)  73,312   1,050   161   53,480   16,989   144,992  
Capel (S)  27,770   452   146   17,066   10,305   55,740  
Carnamah (S)  157,817   2,745   19,416   104,120   2,916   287,013  
Chapman Valley (S)  293,172   -    1,891   72,051   4,301   371,415  
Chittering (S)  72,043   5,061   1,518   28,746   14,330   121,698  
Cockburn (C)  1,461   0   -    1,213   11,920   14,594  
Collie (S)  12,694   343   113   153,652   3,337   170,140  
Coorow (S)  261,172   5,429   3,439   147,100   1,515   418,656  
Corrigin (S)  239,475   13,548   8,106   4,994   1,887   268,011  
Cranbrook (S)  223,799   10,669   4,169   86,635   1,970   327,242  
Cuballing (S)  96,833   1,402   264   15,975   4,969   119,443  
Cunderdin (S)  172,979   8,595   2,554   544   1,421   186,092  
Dalwallinu (S)  495,911   10,578   17,934   52,876   19,381   596,680  
Dandaragan (S)  389,288   547   200   277,790   2,807   670,631  
Dardanup (S)  19,773   116   91   24,876   7,957   52,812  
Denmark (S)  38,821   8   189   145,768   927   185,713  
Donnybrook-Balingup (S)  60,474   59   17   94,020   1,367   155,937  
Dowerin (S)  163,250   5,219   7,375   4,001   6,300   186,145  
Dumbleyung (S)  203,645   25,350   6,524   16,783   1,554   253,856  
Esperance (S)  1,445,397   17,269   47,707   1,053,674   7,828   2,571,874  
Geraldton (C)  1,322   -    -    956   568   2,846  
Gingin (S)  150,505   2,059   4   158,139   9,740   320,448  
Gnowangerup (S)  324,924   16,754   16,213   56,196   12,217   426,305  
Goomalling (S)  167,284   8,488   1,687   3,497   2,425   183,381  
Gosnells (C)  5,249   111   18   3,067   4,341   12,787  
Greenough (S)  154,225   -    81   17,815   2,851   174,971  
Harvey (S)  46,050   641   338   96,551   27,255   170,835  
Irwin (S)  130,168   39   1   105,588   1,060   236,856  
Jerramungup (S)  390,704   16,138   17,548   218,447   8,626   651,462  
Kalamunda (S)  3,543   530   24   26,514   1,746   32,357  
Katanning (S)  118,534   16,392   5,962   10,291   554   151,733  
Kellerberrin (S)  159,954   8,568   11,865   7,659   3,352   191,398  
Kent (S)  370,963   35,244   21,788   129,908   4,473   562,377  
Kojonup (S)  247,496   11,280   5,275   18,217   10,622   292,890  
Kondinin (S)  329,216   22,050   15,391   43,340   12,921   422,918  
Koorda (S)  218,129   11,521   15,235   27,567   10,606   283,058  
Kulin (S)  379,704   16,627   15,691   42,310   16,612   470,945  
Kwinana (T)  1,077   0   0   1,491   9,347   11,915  
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Shire name Nil and Slight Moderate High and Extreme DEC Estate 
Other 
(not mapped) 
Total area 
 (agricultural region) 
Lake Grace (S)  669,394   60,495   56,895   221,039   19,803   1,027,627  
Mandurah (C)  1,306   2   -    9,222   7,547   18,076  
Manjimup (S)  70,440   120   10   615,101   9,291   694,962  
Merredin (S)  281,996   4,807   10,131   25,438   6,836   329,208  
Mingenew (S)  177,053   6   5,221   10,232   945   193,458  
Moora (S)  326,058   10,233   5,949   29,146   4,596   375,982  
Morawa (S)  244,047   979   8,759   47,776   5,226   306,787  
Mount Marshall (S)  378,164   11,145   7,960   34,287   23,171   454,728  
Mukinbudin (S)  229,959   5,644   5,966   25,988   10,498   278,056  
Mullewa (S)  452,929   586   13,268   29,144   417   496,345  
Mundaring (S)  11,799   1,604   89   48,998   1,804   64,294  
Murray (S)  57,340   2,135   471   91,120   17,501   168,568  
Nannup (S)  35,378   -    -    256,479   1,239   293,096  
Narembeen (S)  348,941   6,976   8,170   13,619   5,444   383,150  
Narrogin (S)  129,196   9,852   1,808   15,669   5,129   161,654  
Narrogin (T)  503   16   1   730   63   1,313  
Northam (S)  107,982   3,760   453   22,290   5,864   140,350  
Northam (T)  2,272   86   29   2   203   2,593  
Northampton (S)  362,055   238   5,553   54,428   6,275   428,549  
Nungarin (S)  84,886   3,946   5,703   17,721   4,029   116,285  
Perenjori (S)  335,121   6,758   15,308   13,312   3,579   374,078  
Pingelly (S)  110,565   2,808   2,030   8,821   5,073   129,297  
Plantagenet (S)  287,601   9,632   919   185,529   3,894   487,576  
Quairading (S)  173,952   14,646   5,023   4,693   3,186   201,499  
Ravensthorpe (S)  381,435   8,034   6,983   728,572   4,750   1,129,774  
Rockingham (C)  3,930   208   18   932   19,184   24,271  
Serpentine-Jarrahdale (S)  30,479   1,232   361   47,782   9,569   89,424  
Swan (S)  41,927   3,467   48   44,297   13,756   103,495  
Tambellup (S)  118,244   7,898   8,976   7,130   1,324   143,572  
Tammin (S)  95,243   6,214   4,198   3,410   1,042   110,106  
Three Springs (S)  213,715   2,042   5,475   43,513   909   265,654  
Toodyay (S)  83,210   2,159   209   77,972   5,617   169,167  
Trayning (S)  136,531   6,764   9,487   7,255   4,963   164,999  
Victoria Plains (S)  230,764   3,293   1,879   16,641   2,286   254,864  
Wagin (S)  161,479   13,325   6,455   10,055   3,123   194,437  
Wandering (S)  79,735   1,518   130   105,133   3,815   190,331  
Wanneroo (S)  17,515   -    -    21,234   18,535   57,284  
Waroona (S)  24,320   1,552   401   48,575   8,272   83,121  
West Arthur (S)  202,241   8,701   3,356   61,691   7,059   283,048  
Westonia (S)  198,329   3,015   5,777   65,391   13,143   285,655  
Wickepin (S)  179,785   11,839   3,648   6,129   2,464   203,865  
Williams (S)  160,660   3,232   667   57,224   8,011   229,793  
Wongan-Ballidu (S)  307,636   8,175   5,105   9,393   5,999   336,307  
Woodanilling (S)  91,657   7,906   5,477   6,097   1,712   112,849  
Wyalkatchem (S)  133,047   7,666   10,939   4,210   3,558   159,420  
Yalgoo (S)  281   -    -    1   282   564  
Yilgarn (S)  529,788   8,143   37,748   159,435   22,788   757,901  
York (S)  140,404   6,908   742   59,341   5,707   213,101  
 Total  17,353,425   596,180   548,702   7,412,695   644,504   26,555,507  
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Table 22. Land available to agriculture affected by surface salinity (shaded columns) 
and percentage of total shire area (white columns) 
Shire name Nil and Slight  ( ) 
Moderate  
( ) 
High and Extreme 
 ( ) 
DEC 
Estate ( ) 
Other  
( ) 
Albany (C) 98 70 0 0 1 1 26 2 
Armadale (C) 94 13 6 1 0 0 80 7 
Augusta-Margaret River (S) 100 28 0 0 0 0 65 7 
Beverley (S) 94 65 5 3 1 0 28 3 
Boddington (S) 97 29 3 1 0 0 68 2 
Boyup Brook (S) 96 61 3 2 1 1 36 0 
Bridgetown-Greenbushes (S) 99 38 1 0 0 0 60 1 
Brookton (S) 93 79 4 4 2 2 13 3 
Broomehill (S) 91 87 6 5 4 4 2 1 
Bruce Rock (S) 92 86 5 5 3 3 4 2 
Bunbury (C) 99 11 1 0 1 0 25 64 
Busselton (S) 98 51 1 1 0 0 37 12 
Capel (S) 98 50 2 1 1 0 31 18 
Carnamah (S) 88 55 2 1 11 7 36 1 
Chapman Valley (S) 99 79 0 0 1 1 19 1 
Chittering (S) 92 59 6 4 2 1 24 12 
Cockburn (C) 100 10 0 0 0 0 8 82 
Collie (S) 97 7 3 0 1 0 90 2 
Coorow (S) 97 62 2 1 1 1 35 0 
Corrigin (S) 92 89 5 5 3 3 2 1 
Cranbrook (S) 94 68 4 3 2 1 26 1 
Cuballing (S) 98 81 1 1 0 0 13 4 
Cunderdin (S) 94 93 5 5 1 1 0 1 
Dalwallinu (S) 95 83 2 2 3 3 9 3 
Dandaragan (S) 100 58 0 0 0 0 41 0 
Dardanup (S) 99 37 1 0 0 0 47 15 
Denmark (S) 99 21 0 0 0 0 78 0 
Donnybrook-Balingup (S) 100 39 0 0 0 0 60 1 
Dowerin (S) 93 88 3 3 4 4 2 3 
Dumbleyung (S) 86 80 11 10 3 3 7 1 
Esperance (S) 96 56 1 1 3 2 41 0 
Geraldton (C) 100 46 0 0 0 0 34 20 
Gingin (S) 99 47 1 1 0 0 49 3 
Gnowangerup (S) 91 76 5 4 5 4 13 3 
Goomalling (S) 94 91 5 5 1 1 2 1 
Gosnells (C) 98 41 2 1 0 0 24 34 
Greenough (S) 100 88 0 0 0 0 10 2 
Harvey (S) 98 27 1 0 1 0 57 16 
Irwin (S) 100 55 0 0 0 0 45 0 
Jerramungup (S) 92 60 4 2 4 3 34 1 
Kalamunda (S) 86 11 13 2 1 0 82 5 
Katanning (S) 84 78 12 11 4 4 7 0 
Kellerberrin (S) 89 84 5 4 7 6 4 2 
Kent (S) 87 66 8 6 5 4 23 1 
Kojonup (S) 94 85 4 4 2 2 6 4 
Kondinin (S) 90 78 6 5 4 4 10 3 
Koorda (S) 89 77 5 4 6 5 10 4 
Kulin (S) 92 81 4 4 4 3 9 4 
Kwinana (T) 100 9 0 0 0 0 13 78 
Lake Grace (S) 85 65 8 6 7 6 22 2 
Mandurah (C) 100 7 0 0 0 0 51 42 
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Shire name Nil and Slight  ( ) 
Moderate  
( ) 
High and Extreme 
 ( ) 
DEC 
Estate ( ) 
Other  
( ) 
Manjimup (S) 100 10 0 0 0 0 89 1 
Merredin (S) 95 86 2 1 3 3 8 2 
Mingenew (S) 97 92 0 0 3 3 5 0 
Moora (S) 95 87 3 3 2 2 8 1 
Morawa (S) 96 80 0 0 3 3 16 2 
Mount Marshall (S) 95 83 3 2 2 2 8 5 
Mukinbudin (S) 95 83 2 2 2 2 9 4 
Mullewa (S) 97 91 0 0 3 3 6 0 
Mundaring (S) 87 18 12 2 1 0 76 3 
Murray (S) 96 34 4 1 1 0 54 10 
Nannup (S) 100 12 0 0 0 0 88 0 
Narembeen (S) 96 91 2 2 2 2 4 1 
Narrogin (S) 92 80 7 6 1 1 10 3 
Narrogin (T) 97 38 3 1 0 0 56 5 
Northam (S) 96 77 3 3 0 0 16 4 
Northam (T) 95 88 4 3 1 1 0 8 
Northampton (S) 98 84 0 0 2 1 13 1 
Nungarin (S) 90 73 4 3 6 5 15 3 
Perenjori (S) 94 90 2 2 4 4 4 1 
Pingelly (S) 96 86 2 2 2 2 7 4 
Plantagenet (S) 96 59 3 2 0 0 38 1 
Quairading (S) 90 86 8 7 3 2 2 2 
Ravensthorpe (S) 96 34 2 1 2 1 64 0 
Rockingham (C) 95 16 5 1 0 0 4 79 
Serpentine-Jarrahdale (S) 95 34 4 1 1 0 53 11 
Swan (S) 92 41 8 3 0 0 43 13 
Tambellup (S) 88 82 6 6 7 6 5 1 
Tammin (S) 90 87 6 6 4 4 3 1 
Three Springs (S) 97 80 1 1 2 2 16 0 
Toodyay (S) 97 49 3 1 0 0 46 3 
Trayning (S) 89 83 4 4 6 6 4 3 
Victoria Plains (S) 98 91 1 1 1 1 7 1 
Wagin (S) 89 83 7 7 4 3 5 2 
Wandering (S) 98 42 2 1 0 0 55 2 
Wanneroo (S) 100 31 0 0 0 0 37 32 
Waroona (S) 93 29 6 2 2 0 58 10 
West Arthur (S) 94 71 4 3 2 1 22 2 
Westonia (S) 96 69 1 1 3 2 23 5 
Wickepin (S) 92 88 6 6 2 2 3 1 
Williams (S) 98 70 2 1 0 0 25 3 
Wongan-Ballidu (S) 96 91 3 2 2 2 3 2 
Woodanilling (S) 87 81 8 7 5 5 5 2 
Wyalkatchem (S) 88 83 5 5 7 7 3 2 
Yalgoo (S) 100 50 0 0 0 0 0 50 
Yilgarn (S) 92 70 1 1 7 5 21 3 
York (S) 95 66 5 3 1 0 28 3 
 Total 94 65 3 2 3 2 28 2 
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Figure 17. Areas of present salinity and moderate and high salinity risk 
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Table 23. Salinity risk shown as total number of hectares per shire  
Shire name  No risk  Partial risk  
Moderate 
risk  High risk  
Presently 
saline  
DEC 
Estate  
Other  
(not 
mapped) 
Total area 
(agricultural 
region) 
 Albany (C)   233,749   64,745   87   8,199   5,377   112,463   1,236   425,855  
 Armadale (C)   6,902   -    189   -    476   44,635   3,576   55,777  
 Augusta-Margaret River (S)   63,338   -    0   -    1   145,314   16,108   224,762  
 Beverley (S)   125,106   32,655   196   3,487   9,210   65,319   789   236,761  
 Boddington (S)   53,675   2,982   143   1,462   1,623   130,766   1,157   191,808  
 Boyup Brook (S)   137,755   16,442   2,221   16,226   6,982   102,541   234   282,401  
 Bridgetown-Greenbushes (S)   49,782   47   889   850   457   80,371   1,285   133,681  
 Brookton (S)   101,462   24,832   252   3,990   9,050   20,101   320   160,006  
 Broomehill (S)   89,632   10,472   849   3,021   10,625   2,561   6   117,164  
 Bruce Rock (S)   193,952   14,204   7,341   25,161   19,704   11,953   13   272,327  
 Bunbury (C)   677   -    16   -    11   1,558   4,004   6,265  
 Busselton (S)   69,206   -    4,308   -    1,210   53,480   16,787   144,992  
 Capel (S)   26,768   -    1,059   -    599   17,066   10,248   55,740  
 Carnamah (S)   102,361   49,777   375   5,838   22,161   104,120   2,381   287,013  
 Chapman Valley (S)   275,390   18,679   2,119   1,250   1,891   72,051   36   371,415  
 Chittering (S)   69,725   2,360   684   964   6,578   28,746   12,642   121,698  
 Cockburn (C)   1,462   -    -    -    0   1,213   11,919   14,594  
 Collie (S)   12,211   0   527   0   456   153,652   3,293   170,140  
 Coorow (S)   214,323   42,269   853   4,855   9,173   147,100   83   418,656  
 Corrigin (S)   196,816   28,194   3,804   12,505   21,674   4,994   23   268,011  
 Cranbrook (S)   180,245   12,794   13,086   19,182   14,838   86,635   463   327,242  
 Cuballing (S)   83,968   7,126   4,687   5,807   1,666   15,975   213   119,443  
 Cunderdin (S)   147,007   26,148   -    1,198   11,154   544   41   186,092  
 Dalwallinu (S)   383,548   81,393   11,611   24,983   42,220   52,876   50   596,680  
 Dandaragan (S)   354,161   34,799   989   1,708   746   277,790   438   670,631  
 Dardanup (S)   19,621   -    217   -    206   24,876   7,892   52,812  
 Denmark (S)   39,193   -    113   -    197   145,768   441   185,713  
 Donnybrook-Balingup (S)   60,605   -    92   -    76   94,020   1,144   155,937  
 Dowerin (S)   127,041   37,657   387   3,294   13,755   4,001   10   186,145  
 Dumbleyung (S)   168,764   20,339   2,424   13,640   31,874   16,783   32   253,856  
 Esperance (S)   828,227   606,605   2,659   15,573   65,057   1,053,674   79   2,571,874  
 Geraldton (C)   1,147   181   -    -    -    956   562   2,846  
 Gingin (S)   140,759   10,077   2,670   113   2,063   158,139   6,626   320,448  
 Gnowangerup (S)   294,838   28,174   1,876   12,247   32,968   56,196   6   426,305  
 Goomalling (S)   134,937   27,981   64   6,718   10,175   3,497   9   183,381  
 Gosnells (C)   4,727   -    531   -    129   3,067   4,332   12,787  
 Greenough (S)   136,188   19,152   26   1,540   81   17,815   169   174,971  
 Harvey (S)   45,699   -    1,005   -    978   96,551   26,602   170,835  
 Irwin (S)   110,949   18,873   -    1,372   40   105,588   34   236,856  
 Jerramungup (S)   294,941   94,366   309   7,996   33,686   218,447   1,718   651,462  
 Kalamunda (S)   3,361   -    231   -    554   26,514   1,698   32,357  
 Katanning (S)   101,674   13,472   1,459   2,466   22,354   10,291   18   151,733  
 Kellerberrin (S)   124,970   34,342   823   3,143   20,434   7,659   28   191,398  
 Kent (S)   302,338   46,059   3,334   23,701   57,032   129,908   4   562,377  
 Kojonup (S)   223,787   20,272   3,697   10,280   16,555   18,217   82   292,890  
 Kondinin (S)   264,714   72,739   1,177   3,480   37,441   43,340   26   422,918  
 Koorda (S)   146,470   42,319   5,279   31,039   26,756   27,567   3,629   283,058  
 Kulin (S)   319,958   71,515   833   4,004   32,320   42,310   5   470,945  
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Shire name  No risk  Partial risk  
Moderate 
risk  High risk  
Presently 
saline  
DEC 
Estate  
Other  
(not 
mapped) 
Total area 
(agricultural 
region) 
 Kwinana (T)   1,079   -    0   -    0   1,491   9,345   11,915  
 Lake Grace (S)   551,756   104,732   6,265   26,427   117,393   221,039   15   1,027,627  
 Mandurah (C)   1,387   -    0   -    2   9,222   7,466   18,076  
 Manjimup (S)   70,092   -    684   -    130   615,101   8,956   694,962  
 Merredin (S)   237,246   35,708   4,059   11,751   14,940   25,438   66   329,208  
 Mingenew (S)   144,151   30,575   923   2,314   5,228   10,232   35   193,458  
 Moora (S)   258,490   55,856   50   15,939   16,226   29,146   275   375,982  
 Morawa (S)   168,849   58,411   6,989   11,737   9,738   47,776   3,288   306,787  
 Mount Marshall (S)   266,455   88,549   11,543   27,542   19,106   34,287   7,246   454,728  
 Mukinbudin (S)   157,398   53,371   4,057   25,613   11,610   25,988   20   278,056  
 Mullewa (S)   410,083   28,026   4,424   10,778   13,854   29,144   36   496,345  
 Mundaring (S)   11,881   78   20   33   1,694   48,998   1,591   64,294  
 Murray (S)   55,568   -    2,290   -    2,607   91,120   16,983   168,568  
 Nannup (S)   35,524   -    -    -    -    256,479   1,094   293,096  
 Narembeen (S)   282,009   51,057   6,022   15,271   15,145   13,619   26   383,150  
 Narrogin (S)   104,661   16,963   2,538   8,651   11,660   15,669   1,512   161,654  
 Narrogin (T)   492   13   -    1   17   730   60   1,313  
 Northam (S)   103,552   8,861   -    1,201   4,213   22,290   233   140,350  
 Northam (T)   1,899   476   -    51   115   2   49   2,593  
 Northampton (S)   351,440   14,022   770   308   5,790   54,428   1,790   428,549  
 Nungarin (S)   52,446   22,734   260   13,470   9,650   17,721   5   116,285  
 Perenjori (S)   266,798   52,799   1,572   14,829   22,313   13,312   2,454   374,078  
 Pingelly (S)   95,650   15,047   877   4,016   4,850   8,821   36   129,297  
 Plantagenet (S)   243,763   18,211   22,035   7,451   10,552   185,529   35   487,576  
 Quairading (S)   144,540   23,214   1,154   8,158   19,698   4,693   42   201,499  
 Ravensthorpe (S)   320,150   54,699   6,331   4,969   15,017   728,572   37   1,129,774  
 Rockingham (C)   3,842   -    104   -    226   932   19,167   24,271  
 Serpentine-Jarrahdale (S)   29,149   -    1,456   -    1,594   47,782   9,443   89,424  
 Swan (S)   40,909   270   1,818   107   3,515   44,297   12,579   103,495  
 Tambellup (S)   90,521   9,179   3,796   16,070   16,874   7,130   1   143,572  
 Tammin (S)   70,486   25,065   -    712   10,416   3,410   17   110,106  
 Three Springs (S)   179,687   27,227   167   7,452   7,517   43,513   92   265,654  
 Toodyay (S)   83,638   4,454   -    722   2,368   77,972   13   169,167  
 Trayning (S)   99,024   28,532   -    13,933   16,250   7,255   5   164,999  
 Victoria Plains (S)   187,071   38,168   25   7,095   5,172   16,641   692   254,864  
 Wagin (S)   130,816   21,508   2,274   9,997   19,781   10,055   8   194,437  
 Wandering (S)   73,680   4,380   2,240   3,076   1,648   105,133   175   190,331  
 Wanneroo (S)   17,983   -    -    -    -    21,234   18,068   57,284  
 Waroona (S)   22,143   -    2,460   -    1,953   48,575   7,989   83,121  
 West Arthur (S)   166,921   19,823   7,914   12,432   12,057   61,691   2,211   283,048  
 Westonia (S)   132,047   67,194   2,100   9,965   8,793   65,391   166   285,655  
 Wickepin (S)   153,400   15,544   3,255   9,962   15,519   6,129   57   203,865  
 Williams (S)   148,903   9,951   3,320   6,236   3,899   57,224   262   229,793  
 Wongan-Ballidu (S)   239,735   56,058   3,968   13,168   13,976   9,393   8   336,307  
 Woodanilling (S)   71,170   10,811   2,759   8,624   13,383   6,097   5   112,849  
 Wyalkatchem (S)   93,348   29,386   -    13,772   18,703   4,210   1   159,420  
 Yalgoo (S)   281   0   -    0   -    1   282   564  
 Yilgarn (S)   382,624   148,635   1,746   11,414   45,890   159,435   8,157   757,901  
 York (S)   125,898   17,422   4   2,366   7,649   59,341   420   213,101  
 Total 13,948,763  2,901,052   207,756   638,904   1,161,338   7,412,695   284,999   26,555,507  
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Table 24. Salinity risk shown as percentage of area available to agriculture (shaded 
columns) and percentage of total shire area (white columns) 
Shire name  No risk ( ) Partial risk ( ) Moderate risk ( )  High risk ( ) 
Presently 
saline ( )  
DEC Estate 
( )  
Other ( 
) 
 Albany (C)  75 55 21 15 0 0 3 2 2 1 26 0 
 Armadale (C)  91 12 0 0 2 0 0 0 6 1 80 6 
 Augusta-Margaret River (S)  100 28 0 0 0 0 0 0 0 0 65 7 
 Beverley (S)  73 53 19 14 0 0 2 1 5 4 28 0 
 Boddington (S)  90 28 5 2 0 0 2 1 3 1 68 1 
 Boyup Brook (S)  77 49 9 6 1 1 9 6 4 2 36 0 
 Bridgetown-Greenbushes (S)  96 37 0 0 2 1 2 1 1 0 60 1 
 Brookton (S)  73 63 18 16 0 0 3 2 6 6 13 0 
 Broomehill (S)  78 77 9 9 1 1 3 3 9 9 2 0 
 Bruce Rock (S)  74 71 5 5 3 3 10 9 8 7 4 0 
 Bunbury (C)  96 11 0 0 2 0 0 0 1 0 25 64 
 Busselton (S)  93 48 0 0 6 3 0 0 2 1 37 12 
 Capel (S)  94 48 0 0 4 2 0 0 2 1 31 18 
 Carnamah (S)  57 36 28 17 0 0 3 2 12 8 36 1 
 Chapman Valley (S)  92 74 6 5 1 1 0 0 1 1 19 0 
 Chittering (S)  87 57 3 2 1 1 1 1 8 5 24 10 
 Cockburn (C)  100 10 0 0 0 0 0 0 0 0 8 82 
 Collie (S)  93 7 0 0 4 0 0 0 3 0 90 2 
 Coorow (S)  79 51 16 10 0 0 2 1 3 2 35 0 
 Corrigin (S)  75 73 11 11 1 1 5 5 8 8 2 0 
 Cranbrook (S)  75 55 5 4 5 4 8 6 6 5 26 0 
 Cuballing (S)  81 70 7 6 5 4 6 5 2 1 13 0 
 Cunderdin (S)  79 79 14 14 0 0 1 1 6 6 0 0 
 Dalwallinu (S)  71 64 15 14 2 2 5 4 8 7 9 0 
 Dandaragan (S)  90 53 9 5 0 0 0 0 0 0 41 0 
 Dardanup (S)  98 37 0 0 1 0 0 0 1 0 47 15 
 Denmark (S)  99 21 0 0 0 0 0 0 0 0 78 0 
 Donnybrook-Balingup (S)  100 39 0 0 0 0 0 0 0 0 60 1 
 Dowerin (S)  70 68 21 20 0 0 2 2 8 7 2 0 
 Dumbleyung (S)  71 66 9 8 1 1 6 5 13 13 7 0 
 Esperance (S)  55 32 40 24 0 0 1 1 4 3 41 0 
 Geraldton (C)  86 40 14 6 0 0 0 0 0 0 34 20 
 Gingin (S)  90 44 6 3 2 1 0 0 1 1 49 2 
 Gnowangerup (S)  80 69 8 7 1 0 3 3 9 8 13 0 
 Goomalling (S)  75 74 16 15 0 0 4 4 6 6 2 0 
 Gosnells (C)  88 37 0 0 10 4 0 0 2 1 24 34 
 Greenough (S)  87 78 12 11 0 0 1 1 0 0 10 0 
 Harvey (S)  96 27 0 0 2 1 0 0 2 1 57 16 
 Irwin (S)  85 47 14 8 0 0 1 1 0 0 45 0 
 Jerramungup (S)  68 45 22 14 0 0 2 1 8 5 34 0 
 Kalamunda (S)  81 10 0 0 6 1 0 0 13 2 82 5 
 Katanning (S)  72 67 10 9 1 1 2 2 16 15 7 0 
 Kellerberrin (S)  68 65 19 18 0 0 2 2 11 11 4 0 
 Kent (S)  70 54 11 8 1 1 5 4 13 10 23 0 
 Kojonup (S)  81 76 7 7 1 1 4 4 6 6 6 0 
 Kondinin (S)  70 63 19 17 0 0 1 1 10 9 10 0 
 Koorda (S)  58 52 17 15 2 2 12 11 11 9 10 1 
 Kulin (S)  75 68 17 15 0 0 1 1 8 7 9 0 
 Kwinana (T)  100 9 0 0 0 0 0 0 0 0 13 78 
 Lake Grace (S)  68 54 13 10 1 1 3 3 15 11 22 0 
 Mandurah (C)  100 8 0 0 0 0 0 0 0 0 51 41 
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Shire name  No risk ( ) Partial risk ( ) Moderate risk ( )  High risk ( ) 
Presently 
saline ( )  
DEC Estate 
( )  
Other ( 
) 
 Manjimup (S)  99 10 0 0 1 0 0 0 0 0 89 1 
 Merredin (S)  78 72 12 11 1 1 4 4 5 5 8 0 
 Mingenew (S)  79 75 17 16 1 0 1 1 3 3 5 0 
 Moora (S)  75 69 16 15 0 0 5 4 5 4 8 0 
 Morawa (S)  66 55 23 19 3 2 5 4 4 3 16 1 
 Mount Marshall (S)  64 59 21 19 3 3 7 6 5 4 8 2 
 Mukinbudin (S)  62 57 21 19 2 1 10 9 5 4 9 0 
 Mullewa (S)  88 83 6 6 1 1 2 2 3 3 6 0 
 Mundaring (S)  87 18 1 0 0 0 0 0 12 3 76 2 
 Murray (S)  92 33 0 0 4 1 0 0 4 2 54 10 
 Nannup (S)  100 12 0 0 0 0 0 0 0 0 88 0 
 Narembeen (S)  76 74 14 13 2 2 4 4 4 4 4 0 
 Narrogin (S)  72 65 12 10 2 2 6 5 8 7 10 1 
 Narrogin (T)  94 37 3 1 0 0 0 0 3 1 56 5 
 Northam (S)  88 74 8 6 0 0 1 1 4 3 16 0 
 Northam (T)  75 73 19 18 0 0 2 2 5 4 0 2 
 Northampton (S)  94 82 4 3 0 0 0 0 2 1 13 0 
 Nungarin (S)  53 45 23 20 0 0 14 12 10 8 15 0 
 Perenjori (S)  74 71 15 14 0 0 4 4 6 6 4 1 
 Pingelly (S)  79 74 12 12 1 1 3 3 4 4 7 0 
 Plantagenet (S)  81 50 6 4 7 5 2 2 3 2 38 0 
 Quairading (S)  73 72 12 12 1 1 4 4 10 10 2 0 
 Ravensthorpe (S)  80 28 14 5 2 1 1 0 4 1 64 0 
 Rockingham (C)  92 16 0 0 2 0 0 0 5 1 4 79 
 Serpentine-Jarrahdale (S)  91 33 0 0 5 2 0 0 5 2 53 11 
 Swan (S)  88 40 1 0 4 2 0 0 8 3 43 12 
 Tambellup (S)  66 63 7 6 3 3 12 11 12 12 5 0 
 Tammin (S)  66 64 23 23 0 0 1 1 10 9 3 0 
 Three Springs (S)  81 68 12 10 0 0 3 3 3 3 16 0 
 Toodyay (S)  92 49 5 3 0 0 1 0 3 1 46 0 
 Trayning (S)  63 60 18 17 0 0 9 8 10 10 4 0 
 Victoria Plains (S)  79 73 16 15 0 0 3 3 2 2 7 0 
 Wagin (S)  71 67 12 11 1 1 5 5 11 10 5 0 
 Wandering (S)  87 39 5 2 3 1 4 2 2 1 55 0 
 Wanneroo (S)  100 31 0 0 0 0 0 0 0 0 37 32 
 Waroona (S)  83 27 0 0 9 3 0 0 7 2 58 10 
 West Arthur (S)  76 59 9 7 4 3 6 4 6 4 22 1 
 Westonia (S)  60 46 31 24 1 1 5 3 4 3 23 0 
 Wickepin (S)  78 75 8 8 2 2 5 5 8 8 3 0 
 Williams (S)  86 65 6 4 2 1 4 3 2 2 25 0 
 Wongan-Ballidu (S)  73 71 17 17 1 1 4 4 4 4 3 0 
 Woodanilling (S)  67 63 10 10 3 2 8 8 13 12 5 0 
 Wyalkatchem (S)  60 59 19 18 0 0 9 9 12 12 3 0 
 Yalgoo (S)  100 50 0 0 0 0 0 0 0 0 0 50 
 Yilgarn (S)  65 50 25 20 0 0 2 2 8 6 21 1 
 York (S)  82 59 11 8 0 0 2 1 5 4 28 0 
Total 74 53 15 11 1 1 3 2 6 4 28 1 
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3.2.9 Waterlogging/inundation risk 
Description Waterlogging refers to the condition of a soil when there is excess water in the root 
zone, accompanied by anaerobic conditions (Moore and McFarlane 1998).  
Inundation is where water ponds, or lies above, the soil surface (Tille et al. 2003).  
Inundation is distinct from waterlogging in that waterlogging occurs beneath the 
surface and inundation occurs above.  A soil that is inundated is often waterlogged.  
However, a soil can be inundated without being waterlogged when the surface 
seals and water lies on the surface but does not infiltrate (Tille et al. 2003). 
Causes Waterlogging and inundation occur when the amount of water added to a site 
exceed its ability to accept or shed that water (Tille et al. 2003).  Three factors 
influence susceptibility to waterlogging: climate, external drainage and internal 
drainage (Moore and McFarlane 1998).  
Rainfall distribution and intensity are closely linked to waterlogging and inundation.  
Rainfall contributes both directly and indirectly to waterlogging.  Indirect contribution 
of rainfall through runoff and seepage from other areas in the landscape often has 
the largest impact on waterlogging intensity.  Seasonal variations account for large 
differences between years.  
Landform and position in the landscape (external drainage) are major factors.  Sites 
with a low gradient and low in the landscape are at risk as they often receive runoff 
and seepage from higher areas.  Low-lying positions are likely to be affected by 
rising groundwater (Moore and McFarlane 1998).   
Internal drainage, or infiltration of the soil, also affects waterlogging risk.  Soils with 
high infiltration rates such as coarse-textured sands have low susceptibility to 
waterlogging, except if the groundwater level is high (Moore and McFarlane 1998).  
Soils with low permeability, such as fine-textured heavy clays, can be susceptible 
due to the slow movement of water though them.  Others such as duplex soils, 
which may have highly permeable sand topsoil overlying low permeability clay 
subsoil, can be susceptible to waterlogging as water perches on top of the clay 
layer.  Duplex soils are susceptible except where runoff or lateral seepage is 
extremely high (Moore and McFarlane 1998).   
Effect Waterlogging is a major constraint to crop growth in high rainfall areas (Stephens 
and Lyons 1998, Zhang et al. 2004).  The effect depends on the duration and 
intensity and also on the tolerance of the plant.  Waterlogging results in anaerobic 
conditions as biological activity consumes the available oxygen.  Low oxygen 
supply to plant roots results in poor growth, and inability of the plant to take up 
water and nutrients.  This often produces the characteristic chlorosis of leaves in 
cereals (Moore and McFarlane 1998). 
Susceptible 
soils & 
occurrence 
High rainfall areas (>450 mm) are most susceptible to waterlogging (Tille et al. 
2003).  Areas of low relief and low in the landscape are also susceptible, being 
waterlogged for much of the year (McFarlane et al. 1992).  Duplex soils, particularly 
on slopes less than 10  with low permeability, such as clays are also susceptible.   
Approximately 1 Mha, or 5  of the land available to agriculture, has a high and very 
high waterlogging risk (Tables 25 and 26).  Figure 18 shows areas on the Swan 
Coastal Plain and those in drainage lines having high risk.   
Management Management should include attempting to increase water usage, planting 
waterlogging tolerant plants, and surface and subsurface water management.  
Water use can be increased by adopting a higher water use farming system. This 
includes high water use crops and pastures, planting perennial crops such as trees 
or fodder shrubs, or re-establishing native vegetation.   
Surface and subsurface water can be managed through installing shallow surface 
drains, for example W-drains.  Interceptor drains and banks can be used upslope of 
waterlogging-prone areas to divert water.  Deep open drains can remove subsoil 
water.  Raised beds can also be used to lift roots above the saturated zone and 
grow crops successfully in previously waterlogged areas (Bakker et al. 2005).   
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Figure 18. Areas of moderate, high or very high risk of waterlogging/inundation 
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Table 25. Susceptibility to waterlogging/inundation in hectares by shire area 
Shire name Nil Very low Low Moderate High and Very high 
DEC 
Estate 
Other 
(not 
mapped) 
Total area 
(agricultural 
region) 
Albany (C)  139,664   70,636   40,900   18,034   41,616   112,463   2,542   425,855  
Armadale (C)  2,298   1,441   624   803   2,401   44,635   3,576   55,777  
Augusta-Margaret River (S)  25,826   9,401   3,288   12,459   12,366   145,314   16,107   224,762  
Beverley (S)  84,530   35,847   8,053   31,404   10,077   65,319   1,531   236,761  
Boddington (S)  49,881   3,431   3,143   363   2,509   130,766   1,715   191,808  
Boyup Brook (S)  126,764   5,347   6,821   19,752   20,874   102,541   303   282,401  
Bridgetown-Greenbushes (S)  41,421   3,096   961   1,938   4,602   80,371   1,291   133,681  
Brookton (S)  89,548   9,925   6,368   23,765   8,635   20,101   1,665   160,006  
Broomehill (S)  68,604   24,047   5,411   13,705   2,831   2,561   6   117,164  
Bruce Rock (S)  185,216   15,892   12,886   28,306   13,546   11,953   4,528   272,327  
Bunbury (C)  118   168   128   129   161   1,558   4,004   6,265  
Busselton (S)  17,235   15,592   6,388   13,356   22,139   53,480   16,801   144,992  
Capel (S)  6,076   3,999   3,873   4,832   9,641   17,066   10,254   55,740  
Carnamah (S)  102,515   5,169   33,608   20,608   18,902   104,120   2,091   287,013  
Chapman Valley (S)  265,657   9,705   18,097   4,533   965   72,051   406   371,415  
Chittering (S)  61,566   5,520   2,807   6,833   3,587   28,746   12,639   121,698  
Cockburn (C)  660   490   24   80   208   1,213   11,918   14,594  
Collie (S)  8,998   1,062   416   778   1,952   153,652   3,281   170,140  
Coorow (S)  213,477   4,873   30,818   14,635   7,127   147,100   626   418,656  
Corrigin (S)  140,174   56,252   24,990   28,162   12,706   4,994   733   268,011  
Cranbrook (S)  108,307   42,305   19,389   39,708   30,534   86,635   364   327,242  
Cuballing (S)  76,359   9,576   8,712   4,771   3,815   15,975   235   119,443  
Cunderdin (S)  133,959   11,584   2,672   31,516   5,614   544   203   186,092  
Dalwallinu (S)  378,364   20,663   54,954   56,888   19,087   52,876   13,847   596,680  
Dandaragan (S)  315,680   34,676   14,081   14,802   12,426   277,790   1,177   670,631  
Dardanup (S)  11,899   1,690   1,176   2,008   3,273   24,876   7,890   52,812  
Denmark (S)  27,082   2,536   375   3,598   5,992   145,768   360   185,713  
Donnybrook-Balingup (S)  51,014   6,064   1,253   829   1,540   94,020   1,218   155,937  
Dowerin (S)  123,373   4,041   14,072   35,198   4,024   4,001   1,437   186,145  
Dumbleyung (S)  113,976   56,399   11,679   37,854   17,134   16,783   32   253,856  
Esperance (S)  723,927   132,102   546,592   39,654   75,846   1,053,674   79   2,571,874  
Geraldton (C)  1,130   76   123   -    0   956   562   2,846  
Gingin (S)  86,529   21,930   12,102   15,929   20,771   158,139   5,047   320,448  
Gnowangerup (S)  181,345   114,487   27,229   30,863   16,168   56,196   17   426,305  
Goomalling (S)  100,136   31,738   4,843   34,526   8,558   3,497   83   183,381  
Gosnells (C)  1,701   505   551   1,157   1,473   3,067   4,332   12,787  
Greenough (S)  126,068   12,083   12,400   5,122   1,064   17,815   419   174,971  
Harvey (S)  22,743   6,441   4,460   4,220   9,851   96,551   26,570   170,835  
Irwin (S)  107,216   7,035   10,102   6,674   207   105,588   34   236,856  
Jerramungup (S)  204,977   87,192   60,177   53,625   24,604   218,447   2,440   651,462  
Kalamunda (S)  1,675   760   623   451   635   26,514   1,699   32,357  
Katanning (S)  76,148   25,695   8,438   19,412   11,732   10,291   18   151,733  
Kellerberrin (S)  120,049   4,026   5,152   47,394   6,080   7,659   1,039   191,398  
Kent (S)  269,710   24,570   46,696   57,184   32,897   129,908   1,413   562,377  
Kojonup (S)  216,226   10,786   11,283   25,966   10,322   18,217   89   292,890  
Kondinin (S)  241,499   36,124   33,007   36,934   22,026   43,340   9,988   422,918  
Koorda (S)  144,335   3,433   29,912   56,754   17,242   27,567   3,815   283,058  
Kulin (S)  267,924   62,302   37,105   32,740   16,310   42,310   12,254   470,945  
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Shire name Nil Very low Low Moderate High and Very high 
DEC 
Estate 
Other 
(not 
mapped) 
Total area 
(agricultural 
region) 
Kwinana (T)  450   288   119   65   157   1,491   9,345   11,915  
Lake Grace (S)  514,666   57,632   53,749   93,554   76,619   221,039   10,367   1,027,627  
Mandurah (C)  729   362   240   3   56   9,222   7,465   18,076  
Manjimup (S)  52,625   5,186   1,127   3,644   8,299   615,101   8,980   694,962  
Merredin (S)  232,731   6,839   13,141   41,660   4,763   25,438   4,636   329,208  
Mingenew (S)  129,321   24,058   17,421   11,154   726   10,232   546   193,458  
Moora (S)  215,255   48,840   9,809   53,027   19,835   29,146   70   375,982  
Morawa (S)  168,693   14,621   48,927   19,782   3,701   47,776   3,288   306,787  
Mount Marshall (S)  252,639   17,167   71,532   66,218   5,406   34,287   7,479   454,728  
Mukinbudin (S)  147,130   12,758   40,288   48,193   3,646   25,988   52   278,056  
Mullewa (S)  402,127   6,113   32,495   22,431   3,851   29,144   183   496,345  
Mundaring (S)  10,536   1,868   264   135   907   48,998   1,586   64,294  
Murray (S)  9,932   9,991   4,644   11,913   24,170   91,120   16,798   168,568  
Nannup (S)  16,825   2,887   1,875   4,590   9,316   256,479   1,124   293,096  
Narembeen (S)  277,381   23,101   29,798   30,472   6,102   13,619   2,677   383,150  
Narrogin (S)  88,530   17,639   7,361   21,107   9,666   15,669   1,682   161,654  
Narrogin (T)  476   33   0   13   -    730   60   1,313  
Northam (S)  58,967   38,427   6,969   7,491   5,973   22,290   233   140,350  
Northam (T)  700   1,019   204   400   219   2   49   2,593  
Northampton (S)  321,541   29,764   13,608   1,546   5,838   54,428   1,825   428,549  
Nungarin (S)  47,363   5,830   11,371   29,939   3,556   17,721   505   116,285  
Perenjori (S)  258,586   22,709   22,830   41,199   12,741   13,312   2,701   374,078  
Pingelly (S)  73,639   19,652   5,930   15,615   4,758   8,821   882   129,297  
Plantagenet (S)  117,744   81,752   29,828   30,642   41,795   185,529   285   487,576  
Quairading (S)  137,341   10,346   5,074   27,231   14,902   4,693   1,912   201,499  
Ravensthorpe (S)  273,743   51,012   52,996   15,673   7,567   728,572   212   1,129,774  
Rockingham (C)  1,131   1,300   387   200   1,177   932   19,144   24,271  
Serpentine-Jarrahdale (S)  7,744   4,639   3,900   4,716   11,234   47,782   9,409   89,424  
Swan (S)  22,142   6,108   1,982   8,400   7,664   44,297   12,901   103,495  
Tambellup (S)  55,751   38,776   7,359   22,201   12,354   7,130   1   143,572  
Tammin (S)  68,404   1,767   1,823   31,025   3,249   3,410   427   110,106  
Three Springs (S)  170,227   14,925   13,891   18,318   4,567   43,513   213   265,654  
Toodyay (S)  59,751   19,760   5,078   3,577   3,017   77,972   11   169,167  
Trayning (S)  93,553   6,223   11,288   41,209   5,351   7,255   120   164,999  
Victoria Plains (S)  168,080   20,748   6,784   28,895   13,082   16,641   634   254,864  
Wagin (S)  117,114   15,287   7,067   31,672   13,235   10,055   8   194,437  
Wandering (S)  69,688   4,956   5,259   1,461   2,959   105,133   874   190,331  
Wanneroo (S)  10,698   4,124   773   791   1,591   21,234   18,073   57,284  
Waroona (S)  6,800   2,211   2,248   3,987   11,315   48,575   7,985   83,121  
West Arthur (S)  154,370   9,497   12,619   26,887   15,740   61,691   2,243   283,048  
Westonia (S)  123,614   20,764   35,917   28,303   3,705   65,391   7,960   285,655  
Wickepin (S)  98,874   53,144   11,530   24,845   7,949   6,129   1,395   203,865  
Williams (S)  142,370   8,248   8,300   7,536   5,089   57,224   1,027   229,793  
Wongan-Ballidu (S)  226,331   14,705   25,901   50,018   8,945   9,393   1,014   336,307  
Woodanilling (S)  59,032   11,318   8,443   19,754   8,200   6,097   5   112,849  
Wyalkatchem (S)  90,486   3,786   7,988   43,808   8,981   4,210   162   159,420  
Yalgoo (S)  281   0   0   0   -    1   282   564  
Yilgarn (S)  379,136   37,627   41,554   106,660   14,572   159,435   18,917   757,901  
York (S)  74,040   46,142   6,857   16,910   9,392   59,341   420   213,101  
Total  11,872,870  1,908,658  1,897,315   2,059,119   1,024,006   7,412,695   380,844   26,555,507  
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Table 26. Susceptibility to waterlogging as a percentage available to agriculture 
(shaded columns), and percentage of total shire area (white columns) 
Shire name Nil ( ) Very low ( ) Low ( ) Moderate ( ) High and Very high ( ) 
DEC 
Estate ( ) 
Other 
( ) 
Albany (C) 45 33 23 17 13 10 6 4 13 10 26 1 
Armadale (C) 30 4 19 3 8 1 11 1 32 4 80 6 
Augusta-Margaret River (S) 41 11 15 4 5 1 20 6 20 6 65 7 
Beverley (S) 50 36 21 15 5 3 18 13 6 4 28 1 
Boddington (S) 84 26 6 2 5 2 1 0 4 1 68 1 
Boyup Brook (S) 71 45 3 2 4 2 11 7 12 7 36 0 
Bridgetown-Greenbushes (S) 80 31 6 2 2 1 4 1 9 3 60 1 
Brookton (S) 65 56 7 6 5 4 17 15 6 5 13 1 
Broomehill (S) 60 59 21 21 5 5 12 12 2 2 2 0 
Bruce Rock (S) 72 68 6 6 5 5 11 10 5 5 4 2 
Bunbury (C) 17 2 24 3 18 2 18 2 23 3 25 64 
Busselton (S) 23 12 21 11 9 4 18 9 30 15 37 12 
Capel (S) 21 11 14 7 14 7 17 9 34 17 31 18 
Carnamah (S) 57 36 3 2 19 12 11 7 10 7 36 1 
Chapman Valley (S) 89 72 3 3 6 5 2 1 0 0 19 0 
Chittering (S) 77 51 7 5 3 2 9 6 4 3 24 10 
Cockburn (C) 45 5 34 3 2 0 5 1 14 1 8 82 
Collie (S) 68 5 8 1 3 0 6 0 15 1 90 2 
Coorow (S) 79 51 2 1 11 7 5 3 3 2 35 0 
Corrigin (S) 53 52 21 21 10 9 11 11 5 5 2 0 
Cranbrook (S) 45 33 18 13 8 6 17 12 13 9 26 0 
Cuballing (S) 74 64 9 8 8 7 5 4 4 3 13 0 
Cunderdin (S) 72 72 6 6 1 1 17 17 3 3 0 0 
Dalwallinu (S) 71 63 4 3 10 9 11 10 4 3 9 2 
Dandaragan (S) 81 47 9 5 4 2 4 2 3 2 41 0 
Dardanup (S) 59 23 8 3 6 2 10 4 16 6 47 15 
Denmark (S) 68 15 6 1 1 0 9 2 15 3 78 0 
Donnybrook-Balingup (S) 84 33 10 4 2 1 1 1 3 1 60 1 
Dowerin (S) 68 66 2 2 8 8 19 19 2 2 2 1 
Dumbleyung (S) 48 45 24 22 5 5 16 15 7 7 7 0 
Esperance (S) 48 28 9 5 36 21 3 2 5 3 41 0 
Geraldton (C) 85 40 6 3 9 4 0 0 0 0 34 20 
Gingin (S) 55 27 14 7 8 4 10 5 13 6 49 2 
Gnowangerup (S) 49 43 31 27 7 6 8 7 4 4 13 0 
Goomalling (S) 56 55 18 17 3 3 19 19 5 5 2 0 
Gosnells (C) 32 13 9 4 10 4 21 9 27 12 24 34 
Greenough (S) 80 72 8 7 8 7 3 3 1 1 10 0 
Harvey (S) 48 13 13 4 9 3 9 2 21 6 57 16 
Irwin (S) 82 45 5 3 8 4 5 3 0 0 45 0 
Jerramungup (S) 48 31 20 13 14 9 12 8 6 4 34 0 
Kalamunda (S) 40 5 18 2 15 2 11 1 15 2 82 5 
Katanning (S) 54 50 18 17 6 6 14 13 8 8 7 0 
Kellerberrin (S) 66 63 2 2 3 3 26 25 3 3 4 1 
Kent (S) 63 48 6 4 11 8 13 10 8 6 23 0 
Kojonup (S) 79 74 4 4 4 4 9 9 4 4 6 0 
Kondinin (S) 65 57 10 9 9 8 10 9 6 5 10 2 
Koorda (S) 57 51 1 1 12 11 23 20 7 6 10 1 
Kulin (S) 64 57 15 13 9 8 8 7 4 3 9 3 
Kwinana (T) 42 4 27 2 11 1 6 1 15 1 13 78 
Lake Grace (S) 65 50 7 6 7 5 12 9 10 7 22 1 
Mandurah (C) 52 4 26 2 17 1 0 0 4 0 51 41 
Manjimup (S) 74 8 7 1 2 0 5 1 12 1 89 1 
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Shire name Nil ( ) Very low ( ) Low ( ) Moderate ( ) High and Very high ( ) 
DEC 
Estate ( ) 
Other 
( ) 
Merredin (S) 78 71 2 2 4 4 14 13 2 1 8 1 
Mingenew (S) 71 67 13 12 10 9 6 6 0 0 5 0 
Moora (S) 62 57 14 13 3 3 15 14 6 5 8 0 
Morawa (S) 66 55 6 5 19 16 8 6 1 1 16 1 
Mount Marshall (S) 61 56 4 4 17 16 16 15 1 1 8 2 
Mukinbudin (S) 58 53 5 5 16 14 19 17 1 1 9 0 
Mullewa (S) 86 81 1 1 7 7 5 5 1 1 6 0 
Mundaring (S) 77 16 14 3 2 0 1 0 7 1 76 2 
Murray (S) 16 6 16 6 8 3 20 7 40 14 54 10 
Nannup (S) 47 6 8 1 5 1 13 2 26 3 88 0 
Narembeen (S) 76 72 6 6 8 8 8 8 2 2 4 1 
Narrogin (S) 61 55 12 11 5 5 15 13 7 6 10 1 
Narrogin (T) 91 36 6 3 0 0 3 1 0 0 56 5 
Northam (S) 50 42 33 27 6 5 6 5 5 4 16 0 
Northam (T) 28 27 40 39 8 8 16 15 9 8 0 2 
Northampton (S) 86 75 8 7 4 3 0 0 2 1 13 0 
Nungarin (S) 48 41 6 5 12 10 31 26 4 3 15 0 
Perenjori (S) 72 69 6 6 6 6 12 11 4 3 4 1 
Pingelly (S) 62 57 16 15 5 5 13 12 4 4 7 1 
Plantagenet (S) 39 24 27 17 10 6 10 6 14 9 38 0 
Quairading (S) 70 68 5 5 3 3 14 14 8 7 2 1 
Ravensthorpe (S) 68 24 13 5 13 5 4 1 2 1 64 0 
Rockingham (C) 27 5 31 5 9 2 5 1 28 5 4 79 
Serpentine-Jarrahdale (S) 24 9 14 5 12 4 15 5 35 13 53 11 
Swan (S) 48 21 13 6 4 2 18 8 17 7 43 12 
Tambellup (S) 41 39 28 27 5 5 16 15 9 9 5 0 
Tammin (S) 64 62 2 2 2 2 29 28 3 3 3 0 
Three Springs (S) 77 64 7 6 6 5 8 7 2 2 16 0 
Toodyay (S) 66 35 22 12 6 3 4 2 3 2 46 0 
Trayning (S) 59 57 4 4 7 7 26 25 3 3 4 0 
Victoria Plains (S) 71 66 9 8 3 3 12 11 6 5 7 0 
Wagin (S) 64 60 8 8 4 4 17 16 7 7 5 0 
Wandering (S) 83 37 6 3 6 3 2 1 4 2 55 0 
Wanneroo (S) 60 19 23 7 4 1 4 1 9 3 37 32 
Waroona (S) 26 8 8 3 8 3 15 5 43 14 58 10 
West Arthur (S) 70 55 4 3 6 4 12 9 7 6 22 1 
Westonia (S) 58 43 10 7 17 13 13 10 2 1 23 3 
Wickepin (S) 50 48 27 26 6 6 13 12 4 4 3 1 
Williams (S) 83 62 5 4 5 4 4 3 3 2 25 0 
Wongan-Ballidu (S) 69 67 5 4 8 8 15 15 3 3 3 0 
Woodanilling (S) 55 52 11 10 8 7 19 18 8 7 5 0 
Wyalkatchem (S) 58 57 2 2 5 5 28 27 6 6 3 0 
Yalgoo (S) 100 50 0 0 0 0 0 0 0 0 0 50 
Yilgarn (S) 65 50 6 5 7 5 18 14 3 2 21 2 
York (S) 48 35 30 22 4 3 11 8 6 4 28 0 
Total 63 45 10 7 10 7 11 8 5 4 28 1 
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3.3 Land capability diagrams and descriptions 
3.3.1 Annual horticulture 
Description Annual horticulture refers to the production of horticultural crops with only one 
growing season.  Common crops in the south-west include potatoes, carrots and 
strawberries.  Annual horticultural crops are generally shallow-rooting and growing 
areas are irrigated, cultivated and fertilised regularly. 
Notes The high capability annual horticulture land resources shown in Figure 19 are 
extensive.  About 3.9 Mha, or 15  of the total area within the 97 shires investigated, is 
classed as having a very high (class 1) or high (class 2) capability (see Table 28 and 
29).  However, these figures can be misleading and a range of additional factors 
must also be considered: 
• Land capability assessment does not consider water availability, and almost all 
commercial horticulture enterprises are irrigated.  In fact, water availability is 
usually the first consideration, particularly in drier climates such as north towards 
Geraldton or east into the wheatbelt. 
• The assessment does not (directly) consider climate.  Climate can significantly 
affect the range of annual crops that can be grown. 
• Horticulture, similar to many urban and light industrial land uses, has high 
propensity to pollute the environment and proximity to ground or surface water 
recharge areas or wetlands is usually a major consideration. 
• Horticulture is an intensive land use which commonly employs agricultural 
machinery, manure, and chemicals and there is a need to distance such 
activities from residential land uses. 
• Horticultural industries rely on access to seasonal labour and proximity to 
markets or good transport routes. 
These considerations will severely restrict the amount of high capability land which is 
actually useable for annual horticulture.  For example, a coarse assessment of high 
capability horticultural land on the Swan Coastal Plain south of Perth against a range 
of additional ‘environmental’ criteria led to the exclusion of nearly all areas initially 
identified as high capability (WAWRC 1992).  Hence, information in Figure 19 is to 
be viewed as only one of many data layers which must be consulted when planning 
for annual horticulture. 
In Table 27 no attempt has been made to differentiate between gravelly and non-
gravelly soils.  For some root crops (e.g. potatoes, carrots) the presence of gravels 
may be considered undesirable, but this varies considerably.  For example, in 
Manjimup potatoes for the fresh market are rarely grown on gravelly soils, but those 
for processing are most often grown there because market requirements for 
appearance are different.  Furthermore, the proportion of gravel in a soil and its 
relative aggregate size and distribution can vary from one end of a paddock to the 
other making the proportion a difficult property to assess accurately. 
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Assessment 
factors 
Saline sites or those at risk of becoming saline should be avoided. 
Waterlogging and inundation risk can be major restrictions.  On mixed horticultural 
enterprises or large properties where only small areas of land are affected by 
seasonal waterlogging, management options include timing of seasonal crops and 
crop selection (e.g. summer vegetables).  However, for most commercial enterprises 
year-round production can be assumed.  In these cases options include provision of 
artificial drainage or permanent raised beds. 
In high rainfall areas poor site drainage results in seasonal waterlogging and 
inundation.  In low rainfall areas, poorly drained land may be unsuitable for irrigation 
without remedial work such as soil amendment and provision of additional drainage. 
Most nutrients occur in the topsoil hence any water erosion is undesirable in terms 
of both land degradation (nutrient pollution of waterways) and production (fertility 
loss, water and nutrient retention).  In the case of annual horticulture water erosion 
and associated nutrient pollution risks are compounded by regular cultivation and 
high levels of fertiliser use. 
Soil workability may relate to a number of factors.  Where it relates to waterlogging, 
the timing of cultivation is very important, particularly for clay soils.  Where it relates 
to slope steepness, specialised machinery or manual treatment (e.g. harvesting or 
weed control) may be required.  Where it relates to the presence of stone or rock, the 
degree of limitation will depend on their nature and distribution.  For commercial root 
crops even small amounts of gravel or stone in the soil profile may be undesirable. 
Unrestricted rooting depth generally overlaps with other land qualities (see salinity, 
pH, waterlogging and permeability).  Where the restriction is a physical layer such as 
a pan of impermeable clay or rock, management options will depend on the nature of 
the impeding layer.  For example, limestone can be removed in some cases and 
pans (if not too developed) may be broken by deep ripping.  Most annual crops are 
shallow-rooting and hence require only shallow-rooting depth. 
Flood risk is likely to be seasonal and related to waterlogging.  It could be eliminated 
entirely by extensive local or regional drainage modifications.  Infrequent flood 
events (i.e. low flood risk) may not be a catastrophe but areas of high and even 
moderate flood risk are usually best avoided. 
Land is cultivated regularly and wind erosion can be a problem. 
The ability to influence land instability is likely to be limited without extensive work, 
which may only be possible for large developments.  Areas suffering from instability 
are usually best avoided. 
Careful fertiliser management and application of lime or gypsum are viable options 
and mean that soil pH is unlikely to be a limiting factor. 
Phosphorus export risk is perhaps ranked less harshly than anticipated, because 
the ‘susceptibility to phosphorus export risk’ land quality only explains a portion of the 
total movement.  Proximity to drainage lines and total catchment area are important 
factors not considered by phosphorus export risk.  In other words, a low risk soil 
immediately adjacent to a drain is likely to lose more P than a high risk soil some 
distance away from the nearest drainage line.  This is particularly true if there is 
direct drainage and/or bare soil.  The use of soil amendments, efficient irrigation 
design, careful irrigation, and fertiliser scheduling are all viable management options. 
While water repellence can adversely affect production it is routinely managed by 
irrigation scheduling, land layout (e.g. furrows) and the use of wetting agents. 
Soil water storage.  Shallow-rooted plants require high irrigation, particularly on 
sandy soils in summer and careful irrigation and fertiliser scheduling is essential.  
Low volume dripper irrigation is not usually practical due to the annual nature of the 
crop and need for frequent crop rotation.  Soil amendment with organic matter and 
other materials is common. 
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Table 27. Land capability ratings for annual horticulture  
Land capability class 
Land quality 
1 2 3 4 5 
Flood hazard N L M  H 
Land instability N, VL, L  M H  
pH 0-10 cm Slac, N Mac Vsac, Sac, Malk, Salk 
  
pH 50-80 cm Slac, N Mac Vsac, Sac, Malk, Salk 
  
Phosphorus export L M H VH E 
Rooting depth D, VD M MS S VS 
Salinity hazard NR  PR MR, HR PS 
Salt spray exposure N   S  
Surface salinity N  S M H, E 
Site drainage potential R, W, MW M P  VP 
Soil water storage M, H, ML L VL   
Soil workability  G F  P VP 
Trafficability G F P VP  
Water erosion VL L M H, VH E 
Water repellence  N, L, M H    
Waterlogging N, VL L M  H VH 
Wind erosion L M H, VH  E 
Source: van Gool et al. (2005), see Appendix 3. 
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Figure 19. Capability of land for annual horticulture 
 
LAND RESOURCES IN THE SOUTH-WEST AGRICULTURAL REGION 
 91
Table 28. Annual horticulture capability shown as total hectares per shire 
Shire name Classes 1 & 2 Class 3 Classes 4 & 5 DEC Estate Other (not mapped) 
Total area 
(agricultural region) 
Albany (C)  67,262   169,516      75,723     112,463   891       425,855  
Armadale (C)    1,160    2,446         3,979       44,635    3,558         55,777  
Augusta-Margaret River (S)  17,667     26,115      19,575     145,314  16,090       224,762  
Beverley (S)  48,166     73,291      49,196       65,319   789       236,761  
Boddington (S)  18,623      24,968      16,294     130,766            1,157       191,808  
Boyup Brook (S)  57,233    70,520      51,905     102,541   202       282,401  
Bridgetown-Greenbushes (S)  11,878      18,036      22,156       80,371   1,240       133,681  
Brookton (S)  39,669      67,334      32,583       20,101   320       160,006  
Broomehill (S)  15,410      81,771      17,418          2,561        6       117,164  
Bruce Rock (S)  61,664   135,714      62,983       11,953      13       272,327  
Bunbury (C)       102           234            368          1,557            4,004            6,265  
Busselton (S)  17,241      26,427      31,355       53,480          16,488       144,992  
Capel (S)    1,788      11,754      15,492       17,066            9,641         55,740  
Carnamah (S)  27,037   110,260      45,589     104,120        8       287,013  
Chapman Valley (S)  48,586   231,964      18,807       72,051        8       371,415  
Chittering (S)  26,335      26,854      27,238       28,746          12,524       121,698  
Cockburn (C)            9           795     659          1,213          11,918         14,594  
Collie (S)    3,638        5,491         4,196     153,652            3,163       170,139  
Coorow (S)  64,509   178,538      28,495     147,100      14       418,656  
Corrigin (S)  57,284   156,057      49,653          4,994      23       268,011  
Cranbrook (S)  60,300   105,584      74,379       86,635   344       327,242  
Cuballing (S)  33,323      45,643      24,289       15,975   213       119,443  
Cunderdin (S)  54,683      87,534      43,290             544      41       186,092  
Dalwallinu (S) 182,032   269,064      92,658       52,876      50       596,680  
Dandaragan (S)  48,957   289,890      53,958     277,790      36       670,631  
Dardanup (S)    2,552        7,083      10,421       24,876            7,881         52,812  
Denmark (S)    4,498      20,226      14,874     145,768   347       185,713  
Donnybrook-Balingup (S)  11,955      19,597      29,222       94,020            1,143       155,937  
Dowerin (S)  47,447      85,387      49,300          4,001      10       186,145  
Dumbleyung (S)  19,434   157,020      60,588       16,783      32       253,856  
Esperance (S)  43,281  1,325,323    149,517  1,053,674      79    2,571,874  
Geraldton (C)       120        1,121            501             956   147            2,846  
Gingin (S)    1,397   103,348      52,560     158,139   5,003       320,448  
Gnowangerup (S)  51,493   244,927      73,682       56,196        6       426,305  
Goomalling (S)  61,277      73,393      45,205          3,497        9       183,381  
Gosnells (C)       321        2,501         2,604          3,067            4,294         12,787  
Greenough (S)  39,900      99,187      18,029       17,815      40       174,971  
Harvey (S)    4,459      18,710      24,551       96,551          26,565       170,835  
Irwin (S)    2,061   115,686      13,486     105,588      34       236,856  
Jerramungup (S)   119,519   227,772      84,163     218,447            1,561       651,462  
Kalamunda (S)       957        1,809         1,381       26,514            1,696         32,357  
Katanning (S)  15,453      94,938      31,033       10,291      18       151,733  
Kellerberrin (S)  52,882      68,868      61,962          7,659      28       191,398  
Kent (S)  34,013   296,669    101,782     129,908        4       562,377  
Kojonup (S)  61,963   163,912      48,716       18,217      82       292,890  
Kondinin (S)  95,981   220,705      62,866       43,340      26       422,918  
Koorda (S)  50,637   119,463      81,762       27,567            3,629       283,058  
Kulin (S)  103,469   263,195      61,966       42,310        5       470,945  
Kwinana (T)          10           606            463          1,491            9,345         11,915  
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Shire name Classes 1 & 2 Class 3 Classes 4 & 5 DEC Estate Other (not mapped) 
Total area 
(agricultural region) 
Lake Grace (S)  113,023   503,981    189,568     221,039      15    1,027,627  
Mandurah (C)          26           761     604     9,222       7,465         18,076  
Manjimup (S)  20,532      31,107      19,266     615,101            8,956       694,962  
Merredin (S)  88,394   148,645      66,664       25,438      66       329,208  
Mingenew (S)  25,579   135,495      22,116       10,232      35       193,458  
Moora (S)           128,895   122,921      94,994       29,146      26       375,982  
Morawa (S)  87,846   132,389      35,488       47,776            3,288       306,787  
Mount Marshall (S)  79,778   235,425      97,991       34,287            7,246       454,728  
Mukinbudin (S)  44,547   141,277      66,224       25,988      20       278,056  
Mullewa (S)           102,231   316,588      48,346       29,144      36       496,345  
Mundaring (S)    3,897        7,590         2,244       48,998            1,566         64,294  
Murray (S)    3,614      19,915      37,131       91,120          16,788       168,568  
Nannup (S)    4,888      13,032      17,604     256,479            1,094       293,096  
Narembeen (S)  99,486   215,134      54,885       13,619      26       383,150  
Narrogin (S)  41,811      69,368      33,294       15,669            1,512       161,654  
Narrogin (T)       357           135  31             730      60            1,313  
Northam (S)  46,657      48,871      22,299       22,290   233       140,350  
Northam (T)       929           735            878      2      49            2,593  
Northampton (S)  75,495   260,119      38,398       54,428   108       428,549  
Nungarin (S)  13,937      45,176      39,446       17,721        5       116,285  
Perenjori (S)           123,333   174,828      60,151       13,312            2,454       374,078  
Pingelly (S)  41,538      54,262      24,640          8,821      36       129,297  
Plantagenet (S)  82,725   139,874      79,414     185,529      35       487,576  
Quairading (S)  53,912   102,349      40,503          4,693      42       201,499  
Ravensthorpe (S)  33,842   312,504      54,819     728,572      37    1,129,774  
Rockingham (C)       101        2,131         1,964             932          19,144         24,271  
Serpentine-Jarrahdale (S)    3,076      11,511      17,794       47,782            9,262         89,424  
Swan (S)    7,468      17,603      21,975       44,297          12,152       103,495  
Tambellup (S)  19,151      75,897      41,392          7,130        1       143,572  
Tammin (S)  30,737      38,427      37,514          3,410      17       110,106  
Three Springs (S)  39,954   155,518      26,669       43,513        0       265,654  
Toodyay (S)  35,341      41,221      14,627       77,972        6       169,167  
Trayning (S)  32,359      69,161      56,220          7,255        5       164,999  
Victoria Plains (S)           100,631      83,630      53,327       16,641   634       254,864  
Wagin (S)  22,261   120,960      41,153       10,055        8       194,437  
Wandering (S)  27,731      36,759      20,534     105,133   175       190,331  
Wanneroo (S)     -        13,064         4,936       21,234  18,051         57,284  
Waroona (S)       794        8,305      17,514       48,575  7,933         83,121  
West Arthur (S)  50,693   121,553      46,900       61,691   2,210       283,048  
Westonia (S)  54,691   116,930      48,644       65,391      (0)      285,655  
Wickepin (S)  42,973   112,465      42,280          6,129      19       203,865  
Williams (S)  53,398      79,314      39,596       57,224   262       229,793  
Wongan-Ballidu (S)           114,678   148,902      63,325          9,393        8       336,307  
Woodanilling (S)  12,508      65,811      28,427          6,097        5       112,849  
Wyalkatchem (S)  31,272      64,003      59,934          4,210        1       159,420  
Yalgoo (S)       166           116     0      1   282   564  
Yilgarn (S)           126,211   366,746      98,241     159,435  7,269       757,901  
York (S)  58,076      59,792      35,472       59,341   420       213,101  
Total   3,971,177     10,989,544       3,908,311        7,412,695    273,780       26,555,507  
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Table 29. Annual horticulture capability shown as percentage of total shire area  
Shire name Classes 1 & 2 ( ) Class 3 ( ) Classes 4 & 5 ( ) DEC Estate ( ) Other ( ) 
Albany (C) 16 40 18 26 0 
Armadale (C) 2 4 7 80 6 
Augusta-Margaret River (S) 8 12 9 65 7 
Beverley (S) 20 31 21 28 0 
Boddington (S) 10 13 8 68 1 
Boyup Brook (S) 20 25 18 36 0 
Bridgetown-Greenbushes (S) 9 13 17 60 1 
Brookton (S) 25 42 20 13 0 
Broomehill (S) 13 70 15 2 0 
Bruce Rock (S) 23 50 23 4 0 
Bunbury (C) 2 4 6 25 64 
Busselton (S) 12 18 22 37 11 
Capel (S) 3 21 28 31 17 
Carnamah (S) 9 38 16 36 0 
Chapman Valley (S) 13 62 5 19 0 
Chittering (S) 22 22 22 24 10 
Cockburn (C) 0 5 5 8 82 
Collie (S) 2 3 2 90 2 
Coorow (S) 15 43 7 35 0 
Corrigin (S) 21 58 19 2 0 
Cranbrook (S) 18 32 23 26 0 
Cuballing (S) 28 38 20 13 0 
Cunderdin (S) 29 47 23 0 0 
Dalwallinu (S) 31 45 16 9 0 
Dandaragan (S) 7 43 8 41 0 
Dardanup (S) 5 13 20 47 15 
Denmark (S) 2 11 8 78 0 
Donnybrook-Balingup (S) 8 13 19 60 1 
Dowerin (S) 25 46 26 2 0 
Dumbleyung (S) 8 62 24 7 0 
Esperance (S) 2 52 6 41 0 
Geraldton (C) 4 39 18 34 5 
Gingin (S) 0 32 16 49 2 
Gnowangerup (S) 12 57 17 13 0 
Goomalling (S) 33 40 25 2 0 
Gosnells (C) 3 20 20 24 34 
Greenough (S) 23 57 10 10 0 
Harvey (S) 3 11 14 57 16 
Irwin (S) 1 49 6 45 0 
Jerramungup (S) 18 35 13 34 0 
Kalamunda (S) 3 6 4 82 5 
Katanning (S) 10 63 20 7 0 
Kellerberrin (S) 28 36 32 4 0 
Kent (S) 6 53 18 23 0 
Kojonup (S) 21 56 17 6 0 
Kondinin (S) 23 52 15 10 0 
Koorda (S) 18 42 29 10 1 
Kulin (S) 22 56 13 9 0 
Kwinana (T) 0 5 4 13 78 
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Shire name Classes 1 & 2 ( ) Class 3 ( ) Classes 4 & 5 ( ) DEC Estate ( ) Other ( ) 
Lake Grace (S) 11 49 18 22 0 
Mandurah (C) 0 4 3 51 41 
Manjimup (S) 3 4 3 89 1 
Merredin (S) 27 45 20 8 0 
Mingenew (S) 13 70 11 5 0 
Moora (S) 34 33 25 8 0 
Morawa (S) 29 43 12 16 1 
Mount Marshall (S) 18 52 22 8 2 
Mukinbudin (S) 16 51 24 9 0 
Mullewa (S) 21 64 10 6 0 
Mundaring (S) 6 12 3 76 2 
Murray (S) 2 12 22 54 10 
Nannup (S) 2 4 6 88 0 
Narembeen (S) 26 56 14 4 0 
Narrogin (S) 26 43 21 10 1 
Narrogin (T) 27 10 2 56 5 
Northam (S) 33 35 16 16 0 
Northam (T) 36 28 34 0 2 
Northampton (S) 18 61 9 13 0 
Nungarin (S) 12 39 34 15 0 
Perenjori (S) 33 47 16 4 1 
Pingelly (S) 32 42 19 7 0 
Plantagenet (S) 17 29 16 38 0 
Quairading (S) 27 51 20 2 0 
Ravensthorpe (S) 3 28 5 64 0 
Rockingham (C) 0 9 8 4 79 
Serpentine-Jarrahdale (S) 3 13 20 53 10 
Swan (S) 7 17 21 43 12 
Tambellup (S) 13 53 29 5 0 
Tammin (S) 28 35 34 3 0 
Three Springs (S) 15 59 10 16 0 
Toodyay (S) 21 24 9 46 0 
Trayning (S) 20 42 34 4 0 
Victoria Plains (S) 39 33 21 7 0 
Wagin (S) 11 62 21 5 0 
Wandering (S) 15 19 11 55 0 
Wanneroo (S) 0 23 9 37 32 
Waroona (S) 1 10 21 58 10 
West Arthur (S) 18 43 17 22 1 
Westonia (S) 19 41 17 23 0 
Wickepin (S) 21 55 21 3 0 
Williams (S) 23 35 17 25 0 
Wongan-Ballidu (S) 34 44 19 3 0 
Woodanilling (S) 11 58 25 5 0 
Wyalkatchem (S) 20 40 38 3 0 
Yalgoo (S) 29 20 0 0 50 
Yilgarn (S) 17 48 13 21 1 
York (S) 27 28 17 28 0 
Total 15 41 15 28 1 
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3.3.2 Perennial horticulture 
Description Perennial horticulture refers to the cultivation of plants that grow for more than one 
season, usually orchards or vineyards.  Perennial plants are long-lived, and therefore 
generally deeper-rooted than annuals, and require at least 1 m deep soil.  Land used 
for perennial horticulture is cultivated only at initial planting, but irrigated and fertilised 
regularly thereafter.  Perennial horticultural developments also tend to have higher 
initial capital costs than annual horticulture and can take many years to reach full 
production potential.  Careful consideration of environmental, economic and social 
factors prior to establishment is vital. 
Notes See also Section 3.3.1, Annual horticulture.  The most important point is that the 
capability assessment shown relies on the physical properties of the land, but does 
not consider water availability or climate.  These factors may severely restrict land 
use in some areas.  Hilly and rocky areas are usually not considered suitable for 
horticulture but some deep-rooting species such as vines can use such country.  
This is particularly true for smaller paddocks (e.g. 0.3 ha), where fruit can be 
harvested manually and machinery access (i.e. tractor) is not an issue.  Furthermore, 
grapes have lower water requirements than many orchard trees.  This may mean 
that some class 3 land is considered valuable for viticulture.  However, many factors, 
especially climatic, will influence this assessment.  Given the general nature of land 
quality information, altering the land capability assessment to suit grapes or any 
other specific crop, is only of limited value, without considering additional data (e.g. 
climate, soil sampling, water availability etc.  These factors are not considered in 
Figure 20). 
Assessment 
factors 
The following notes indicate key differences between annual and perennial 
horticulture relevant to the assessment of land capability: 
Perennial crops can take many years to establish, so any land qualities that affect 
long-term survival can be a severe restriction.  Examples include flood risk, land 
instability, site drainage, unrestricted rooting depth and salinity.  Unrestricted 
rooting depth in particular is a significant consideration for orchards.  However, 
careful site selection or mounding may overcome this problem.  Grape vines are less 
limited by unrestricted rooting depth and able to establish in rocky areas. 
Waterlogging in winter, when crops are dormant, may not affect production 
adversely, but can be very damaging in spring.  Careful assessment of spring 
waterlogging risk (based on past rainfall records) is recommended. 
Limited cultivation reduces degradation risk from water erosion and wind erosion 
compared to annual horticulture.  However, contour planting and earthworks may still 
be required on sloping land. 
Soil workability is usually less limiting as soil is not cultivated after the crop is 
established.  Machinery access for spraying, harvesting and weed control is 
important (e.g. slope, rock outcrops). 
Soil water storage is less restrictive in perennial crops because of deeper roots. 
Water and fertiliser requirements are easier to control with low volume irrigation 
systems, but phosphorus export is ranked the same as for annual horticulture since 
there is considerable variability between crops, and because low volume irrigation is 
not always used.  When low volume irrigation is used improved fertiliser use would 
reduce the risk of phosphorus loss compared to annual horticulture. 
Vehicular traffic is confined to inter-row spaces, therefore subsurface compaction, 
resulting in reduced root growth, can be a problem such as experienced with 
vineyards in the Swan Valley (Smith et al. 1969). 
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Table 30. Land quality ratings for perennial horticulture  
Land capability class 
Land quality 
1 2 3 4 5 
Flood hazard N L M  H 
Land instability N, VL, L  M  H 
pH 0-10 cm Slac, N Mac, Sac, Malk Vsac 
  
pH 50-80 cm Slac, N Mac Vsac, Sac, Malk, Salk 
  
Phosphorus export L M, H VH E  
Rooting depth D, VD (M) M MS S, VS 
Salinity hazard NR  PR MR HR, PS 
Salt spray exposure N   S  
Surface salinity N  S M H, E 
Site drainage potential R, W MW M P VP 
Soil water storage H, M, ML L VL   
Soil workability G F P VP  
Subsurface compaction L, M H    
Trafficability G F P VP  
Water erosion VL, L M H VH E 
Water repellence N, L, M H    
Waterlogging N VL (L) L (M) M (H) H, VH 
Wind erosion L M, H VH  E 
Source: van Gool et al. (2005), see Appendix 3.  
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Figure 20. Capability of land for perennial horticulture 
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Table 31. Perennial horticulture capability as total hectares per shire 
Shire name Classes 1 & 2 Class 3 Classes 4 & 5 DEC Estate Other (not mapped) 
Total area 
(agricultural 
region) 
Albany (C)  104,005    104,678       103,818        112,463      891       425,855  
Armadale (C)       1,469         2,275   3,841          44,635   3,558          55,777  
Augusta-Margaret River (S)     26,409         7,964         28,985        145,314          16,090       224,762  
Beverley (S)     42,177      70,169         58,308          65,319      789       236,761  
Boddington (S)     30,181      15,837         13,867        130,766   1,157       191,808  
Boyup Brook (S)     90,439      35,156         54,064        102,541      202       282,401  
Bridgetown-Greenbushes (S)     23,871         8,856         19,342          80,371   1,240       133,681  
Brookton (S)     50,955      34,963         53,668          20,101      320       160,006  
Broomehill (S)     24,561      37,942         52,095    2,561  6       117,164  
Bruce Rock (S)     50,225    112,155         97,982          11,953         13       272,327  
Bunbury (C) 102   284      318    1,557   4,004   6,265  
Busselton (S)     24,030         9,581         41,413          53,480          16,488       144,992  
Capel (S)       4,528         7,057         17,448          17,066   9,641          55,740  
Carnamah (S)     56,033      81,370         45,483        104,120  8       287,013  
Chapman Valley (S)  146,838      86,337         66,181          72,051  8       371,415  
Chittering (S)     33,553      22,727         24,147          28,746          12,524       121,698  
Cockburn (C) 280   871      312    1,213          11,918          14,594  
Collie (S)       7,046         2,378   3,901        153,652   3,163       170,139  
Coorow (S)  127,149    111,412         32,981        147,100         14       418,656  
Corrigin (S)     65,619    101,960         95,416    4,994         23       268,011  
Cranbrook (S)     92,307      45,650       102,307          86,635      344       327,242  
Cuballing (S)     43,133      33,607         26,515          15,975      213       119,443  
Cunderdin (S)     67,477      54,452         63,577       544         41       186,092  
Dalwallinu (S)  123,269    290,622       129,863          52,876         50       596,680  
Dandaragan (S)  214,796    127,067         50,942        277,790         36       670,631  
Dardanup (S)       5,911         3,898         10,247          24,876   7,881          52,812  
Denmark (S)     16,154         7,422         16,021        145,768      347       185,713  
Donnybrook-Balingup (S)     27,842         8,593         24,340          94,020   1,143       155,937  
Dowerin (S)     18,735      78,647         84,752    4,001         10       186,145  
Dumbleyung (S)     46,232      63,782       127,028          16,783         32       253,856  
Esperance (S)  265,992    536,381       715,748     1,053,674         79    2,571,874  
Geraldton (C) 646   598      499       956      147   2,846  
Gingin (S)     51,894      51,333         54,078        158,139   5,003       320,448  
Gnowangerup (S)     72,200      94,581       203,321          56,196  6       426,305  
Goomalling (S)     52,418      67,254         60,202    3,497  9       183,381  
Gosnells (C) 741         1,846   2,838    3,067   4,294          12,787  
Greenough (S)     59,090      75,927         22,099          17,815         40       174,971  
Harvey (S)     13,199      10,937         23,583          96,551          26,565       170,835  
Irwin (S)     51,430      62,344         17,460        105,588         34       236,856  
Jerramungup (S)  128,248    103,810       199,397        218,447   1,561       651,462  
Kalamunda (S)       1,302         1,182   1,663          26,514   1,696          32,357  
Katanning (S)     29,906      41,982         69,536          10,291         18       151,733  
Kellerberrin (S)     37,945      65,991         79,776    7,659         28       191,398  
Kent (S)     68,912    117,063       246,489        129,908  4       562,377  
Kojonup (S)  119,960      75,484         79,148          18,217         82       292,890  
Kondinin (S)  119,291    117,595       142,665          43,340         26       422,918  
Koorda (S) 599    144,717       106,546          27,567   3,629       283,058  
Kulin (S)  144,927    149,119       134,584          42,310  5       470,945  
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Shire name Classes 1 & 2 Class 3 Classes 4 & 5 DEC Estate Other (not mapped) 
Total area 
(agricultural 
region) 
Kwinana (T) 238   540      302    1,491   9,345          11,915  
Lake Grace (S)  179,446    227,285       399,842        221,039         15    1,027,627  
Mandurah (C) 429   430      530    9,222   7,465          18,076  
Manjimup (S)     40,923      10,806         19,177        615,101   8,956       694,962  
Merredin (S)     79,360    102,375       121,969          25,438         66       329,208  
Mingenew (S)     71,492      80,582         31,116          10,232         35       193,458  
Moora (S)  148,201      95,223       103,387          29,146         26       375,982  
Morawa (S)     17,616    169,054         69,053          47,776   3,288       306,787  
Mount Marshall (S)       1,505    264,895       146,795          34,287   7,246       454,728  
Mukinbudin (S)       1,882    151,036         99,130          25,988         20       278,056  
Mullewa (S)  138,988    183,873       144,304          29,144         36       496,345  
Mundaring (S)       5,853         5,443   2,435          48,998   1,566          64,294  
Murray (S)       6,044      15,248         39,368          91,120          16,788       168,568  
Nannup (S)       9,489         6,418         19,617        256,479   1,094       293,096  
Narembeen (S)  101,112    128,601       139,791          13,619         26       383,150  
Narrogin (S)     47,672      43,579         53,222          15,669   1,512       161,654  
Narrogin (T) 257   190        76       730         60   1,313  
Northam (S)     25,685      66,936         25,206          22,290      233       140,350  
Northam (T)     -           1,639      902   2         49   2,593  
Northampton (S)  147,279    165,418         61,316          54,428      108       428,549  
Nungarin (S)       3,273      37,940         57,346          17,721  5       116,285  
Perenjori (S)     64,816    212,840         80,656          13,312   2,454       374,078  
Pingelly (S)     43,697      31,268         45,475    8,821         36       129,297  
Plantagenet (S)  101,843      78,544       121,625        185,529         35       487,576  
Quairading (S)     61,628      59,991         75,144    4,693         42       201,499  
Ravensthorpe (S)  109,831      89,603       201,731        728,572         37    1,129,774  
Rockingham (C)       1,237         1,363   1,595       932          19,144          24,271  
Serpentine-Jarrahdale (S)       4,431         9,035         18,914          47,782   9,262          89,424  
Swan (S)     10,372      16,190         20,484          44,297          12,152       103,495  
Tambellup (S)     28,943      34,377         73,121    7,130  1       143,572  
Tammin (S)     26,382      30,029         50,268    3,410         17       110,106  
Three Springs (S)  120,347      73,552         28,242          43,513  0       265,654  
Toodyay (S)     31,766      42,645         16,778          77,972  6       169,167  
Trayning (S)     14,932      64,471         78,336    7,255  5       164,999  
Victoria Plains (S)  115,175      59,095         63,319          16,641      634       254,864  
Wagin (S)     44,687      62,313         77,374          10,055  8       194,437  
Wandering (S)     42,473      23,547         19,004        105,133      175       190,331  
Wanneroo (S)       6,735         7,106   4,159          21,234          18,051          57,284  
Waroona (S)       2,781         5,245         18,586          48,575   7,933          83,121  
West Arthur (S)     89,838      62,438         66,870          61,691   2,210       283,048  
Westonia (S)     41,282      97,673         81,309          65,391         (0)      285,655  
Wickepin (S)     60,675      59,422         77,621    6,129         19       203,865  
Williams (S)     82,594      48,121         41,593          57,224      262       229,793  
Wongan-Ballidu (S)     77,472    153,567         95,866    9,393  8       336,307  
Woodanilling (S)     24,350      35,072         47,326    6,097  5       112,849  
Wyalkatchem (S)     16,545      56,853         81,810    4,210  1       159,420  
Yalgoo (S)     -     270        12   1      282      564  
Yilgarn (S)  138,639    215,762       236,796        159,435   7,269       757,901  
York (S)     36,044      77,856         39,440          59,341      420       213,101  
Total   5,210,289     6,751,612       6,907,131        7,412,695    273,780     26,555,507  
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Table 32. Perennial horticulture capability shown as percentage of total shire area  
Shire name Classes 1 & 2 ( ) Class 3 ( ) Classes 4 & 5 ( ) DEC Estate ( ) Other ( ) 
Albany (C) 24 25 24 26 0 
Armadale (C) 3 4 7 80 6 
Augusta-Margaret River (S) 12 4 13 65 7 
Beverley (S) 18 30 25 28 0 
Boddington (S) 16 8 7 68 1 
Boyup Brook (S) 32 12 19 36 0 
Bridgetown-Greenbushes (S) 18 7 14 60 1 
Brookton (S) 32 22 34 13 0 
Broomehill (S) 21 32 44 2 0 
Bruce Rock (S) 18 41 36 4 0 
Bunbury (C) 2 5 5 25 64 
Busselton (S) 17 7 29 37 11 
Capel (S) 8 13 31 31 17 
Carnamah (S) 20 28 16 36 0 
Chapman Valley (S) 40 23 18 19 0 
Chittering (S) 28 19 20 24 10 
Cockburn (C) 2 6 2 8 82 
Collie (S) 4 1 2 90 2 
Coorow (S) 30 27 8 35 0 
Corrigin (S) 24 38 36 2 0 
Cranbrook (S) 28 14 31 26 0 
Cuballing (S) 36 28 22 13 0 
Cunderdin (S) 36 29 34 0 0 
Dalwallinu (S) 21 49 22 9 0 
Dandaragan (S) 32 19 8 41 0 
Dardanup (S) 11 7 19 47 15 
Denmark (S) 9 4 9 78 0 
Donnybrook-Balingup (S) 18 6 16 60 1 
Dowerin (S) 10 42 46 2 0 
Dumbleyung (S) 18 25 50 7 0 
Esperance (S) 10 21 28 41 0 
Geraldton (C) 23 21 18 34 5 
Gingin (S) 16 16 17 49 2 
Gnowangerup (S) 17 22 48 13 0 
Goomalling (S) 29 37 33 2 0 
Gosnells (C) 6 14 22 24 34 
Greenough (S) 34 43 13 10 0 
Harvey (S) 8 6 14 57 16 
Irwin (S) 22 26 7 45 0 
Jerramungup (S) 20 16 31 34 0 
Kalamunda (S) 4 4 5 82 5 
Katanning (S) 20 28 46 7 0 
Kellerberrin (S) 20 34 42 4 0 
Kent (S) 12 21 44 23 0 
Kojonup (S) 41 26 27 6 0 
Kondinin (S) 28 28 34 10 0 
Koorda (S) 0 51 38 10 1 
Kulin (S) 31 32 29 9 0 
Kwinana (T) 2 5 3 13 78 
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Shire name Classes 1 & 2 ( ) Class 3 ( ) Classes 4 & 5 ( ) DEC Estate ( ) Other ( ) 
Lake Grace (S) 17 22 39 22 0 
Mandurah (C) 2 2 3 51 41 
Manjimup (S) 6 2 3 89 1 
Merredin (S) 24 31 37 8 0 
Mingenew (S) 37 42 16 5 0 
Moora (S) 39 25 27 8 0 
Morawa (S) 6 55 23 16 1 
Mount Marshall (S) 0 58 32 8 2 
Mukinbudin (S) 1 54 36 9 0 
Mullewa (S) 28 37 29 6 0 
Mundaring (S) 9 8 4 76 2 
Murray (S) 4 9 23 54 10 
Nannup (S) 3 2 7 88 0 
Narembeen (S) 26 34 36 4 0 
Narrogin (S) 29 27 33 10 1 
Narrogin (T) 20 14 6 56 5 
Northam (S) 18 48 18 16 0 
Northam (T) 0 63 35 0 2 
Northampton (S) 34 39 14 13 0 
Nungarin (S) 3 33 49 15 0 
Perenjori (S) 17 57 22 4 1 
Pingelly (S) 34 24 35 7 0 
Plantagenet (S) 21 16 25 38 0 
Quairading (S) 31 30 37 2 0 
Ravensthorpe (S) 10 8 18 64 0 
Rockingham (C) 5 6 7 4 79 
Serpentine-Jarrahdale (S) 5 10 21 53 10 
Swan (S) 10 16 20 43 12 
Tambellup (S) 20 24 51 5 0 
Tammin (S) 24 27 46 3 0 
Three Springs (S) 45 28 11 16 0 
Toodyay (S) 19 25 10 46 0 
Trayning (S) 9 39 47 4 0 
Victoria Plains (S) 45 23 25 7 0 
Wagin (S) 23 32 40 5 0 
Wandering (S) 22 12 10 55 0 
Wanneroo (S) 12 12 7 37 32 
Waroona (S) 3 6 22 58 10 
West Arthur (S) 32 22 24 22 1 
Westonia (S) 14 34 28 23 0 
Wickepin (S) 30 29 38 3 0 
Williams (S) 36 21 18 25 0 
Wongan-Ballidu (S) 23 46 29 3 0 
Woodanilling (S) 22 31 42 5 0 
Wyalkatchem (S) 10 36 51 3 0 
Yalgoo (S) 0 48 2 0 50 
Yilgarn (S) 18 28 31 21 1 
York (S) 17 37 19 28 0 
Total 20 25 26 28 1 
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3.3.3  Grazing 
Description Grazing refers to the raising of sheep and other hoofed stock on dryland pastures 
with occasional reseeding and fertiliser topdressing (in areas receiving more than 
350 mm annual average rainfall).  It is aimed at broadacre farming and excludes 
intensive operations such as those using irrigated pasture or supplementary feeding. 
Notes In many areas crops are grown in rotation with pastures.  In this case, Figure 21 
(grazing) should be used in conjunction with Figure 22 (dryland cropping). 
This classification is not well suited to horses which are generally much more active 
than sheep and cattle and require better paddock management to prevent soil 
erosion.  Horses also tend to be slightly more destructive to unprotected trees by 
eating the bark (ringbarking in some seasons), even when adequate pasture is 
available.  Furthermore, horses are generally managed more intensively on smaller 
properties (manure handling, fly control and odour are common problems).  Hence 
this classification does not generally apply to horses. 
While Table 34 does allow for the correlation between land capability classes and 
carrying capacity for horses, management factors are usually more important for 
small (i.e. intensive) holdings than stocking rates. 
Assessment 
factors 
Salinity can seriously limit production, although salt-tolerant pasture species are 
available.  Amelioration may not be possible because saline water could stem from 
adjacent properties, or the groundwater could be too extensive for local management 
options to have an effect. 
Wind erosion must be managed as grazing stock remove pasture cover during drier 
months and loosen topsoil. 
Water erosion is a problem on some soils, particularly where stock preferentially 
select pockets of remnant vegetation and pasture in and near drainage lines.  These 
areas should be fenced to control access. 
Very low soil water storage levels mean that pastures dry off rapidly and are 
removed by stock, increasing the risk of wind and water erosion. 
Waterlogging can limit production although tolerant pasture species are available. 
Highly acid soils reduce production of most legume species.  Management options 
include growing tolerant species and using acid-tolerant Rhizobia and/or applications 
of lime.  Very high pH is uncommon in surface soils. 
Phosphorus export is mostly a concern in terms of potential water erosion. 
Flood risk is only a problem if severe to the point of affecting pasture growth or 
endangering grazing animals. 
Unrestricted rooting depth alone is unlikely to be limiting for shallow-rooted 
pastures.  However, many shallow areas have very low available water storage, 
limiting the pasture’s growing season and increasing risk of wind and water erosion. 
Soil workability is only a limited consideration, although tractor access for fertiliser 
top dressing and re-seeding is generally required.  In rocky or hilly country these 
operations may be carried out from the air. 
Water repellence, soil structure decline, subsurface compaction and 
subsurface acidification all affect pasture production.  They tend to be easier to 
manage in higher rainfall areas and more difficult in less productive, lower rainfall 
areas (i.e. <600 mm/year) where the areas affected are more extensive and the cost 
of amelioration can be comparatively higher.  Management practices to control and 
alleviate these problems have been developed.  However, economic and historical 
constraints have hindered wide scale improvement and land is still deteriorating in 
many areas. 
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Table 33. Land quality ratings for grazing 
Land capability class 
Land quality 
1 2 3 4 5 
Flood hazard N, L M H   
Land instability N, VL, L   M H  
pH 0-10 cm  Slac, N Sac, Mac, Malk Vsac, Salk  
 
pH 50-80 cm  Slac, N Mac, Malk, Salk Sac Vsac 
 
Phosphorus export L, M H VH E  
Rooting depth VD, D, M MS S VS  
Salinity hazard NR PR MR HR PS 
Salt spray exposure N  S   
Surface salinity  N S M H E 
Surface soil structure decline L, M H    
Soil water storage  M, H ML L VL  
Soil workability  G, F, P  VP   
Subsurface acidification L, M P, H    
Subsurface compaction L, M H    
Trafficability  G, F P VP   
Water erosion VL, L, M H VH E  
Water repellence N, L M  H   
Waterlogging  N, VL, L M H VH  
Wind erosion  L M H VH E 
Source: van Gool et al. (2005), see Appendix 3. 
Table 34. Correlation between land capability classes and carrying capacity for 
improved clover pastures in high rainfall areas (>600 mm/year) 
Capability class Approximate carrying capacity (DSE*/ha) 
1  
Very high  7-10 
2 
High 7-10 
3 
Fair 4-7 
4 
Low  1-4 
5 
Very low  ≤1  
* DSE is dry sheep equivalent.  Stocking rates for other animals can be calculated as: large horse 10 DSE;  
pony 8 DSE; milking cow 10 DSE; heifer 8 DSE; breeding ewe 1.5 DSE; dairy goat 2 DSE;  
Cashmere goat 1 DSE; angora goat 0.8 DSE; deer 1-2 DSE. 
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Figure 21. Capability of land for grazing 
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Table 35. Grazing capability shown as total hectares per shire 
Shire name Classes 1 & 2 Class 3 Classes 4 & 5 DEC Estate Other (not mapped) 
Total area 
(agricultural region) 
Albany (C)   48,612     172,033     91,856   112,463         891      425,855  
Armadale (C)      1,509         3,046        3,030      44,635     3,558         55,777  
Augusta-Margaret River (S)   30,078       19,351     13,928   145,314   16,090      224,762  
Beverley (S)   46,204       80,904     43,546      65,319         789      236,761  
Boddington (S)   34,378       15,671        9,836   130,766     1,157      191,808  
Boyup Brook (S)   90,670       46,710     42,279   102,541         202      282,401  
Bridgetown-Greenbushes (S)   27,885       16,076        8,110      80,371     1,240      133,681  
Brookton (S)   43,865       60,874     34,845      20,101         320      160,006  
Broomehill (S)   21,189       67,818     25,591        2,561    6      117,164  
Bruce Rock (S)   87,530       97,761     75,071      11,953  13      272,327  
Bunbury (C)         123    248  334        1,557     4,004  6,265  
Busselton (S)   26,630       28,433     19,960      53,480   16,488      144,992  
Capel (S)      3,080       13,241     12,712      17,066     9,641         55,740  
Carnamah (S)   54,879       60,387     67,620   104,120    8      287,013  
Chapman Valley (S)   31,014     217,866     50,476      72,051    8      371,415  
Chittering (S)   30,279       22,049     28,100      28,746   12,524      121,698  
Cockburn (C)    -     440        1,024        1,213   11,918         14,594  
Collie (S)      7,286         3,007        3,031   153,652     3,163      170,139  
Coorow (S)   89,189     107,206     75,147   147,100  14      418,656  
Corrigin (S)   72,576     121,208     69,210        4,994  23      268,011  
Cranbrook (S)   67,161       97,636     75,467      86,635         344      327,242  
Cuballing (S)   53,713       29,323     20,219      15,975         213      119,443  
Cunderdin (S)   50,178       96,176     39,153  544  41      186,092  
Dalwallinu (S) 242,147     193,068   108,539      52,876  50      596,680  
Dandaragan (S)   49,025     210,073   133,707   277,790  36      670,631  
Dardanup (S)      8,050         8,423        3,583      24,876     7,881         52,812  
Denmark (S)   13,657       14,880     11,061   145,768         347      185,713  
Donnybrook-Balingup (S)   35,842       19,964        4,968      94,020     1,143      155,937  
Dowerin (S)   60,923       88,253     32,958        4,001  10      186,145  
Dumbleyung (S)   21,355     141,177     74,510      16,783  32      253,856  
Esperance (S)   21,260   1,248,176   248,685    1,053,674  79   2,571,874  
Geraldton (C)         223    772  747  956         147  2,846  
Gingin (S)      2,161       78,312     76,832   158,139     5,003      320,448  
Gnowangerup (S)   75,984     214,285     79,833      56,196    6      426,305  
Goomalling (S)   55,059       81,479     43,337        3,497    9      183,381  
Gosnells (C)         667         2,089        2,668        3,067     4,294         12,787  
Greenough (S)   42,352       86,385     28,379      17,815  40      174,971  
Harvey (S)   12,443       20,456     14,820      96,551   26,565      170,835  
Irwin (S)      6,540       68,778     55,915   105,588  34      236,856  
Jerramungup (S) 119,055     221,014     91,385   218,447     1,561      651,462  
Kalamunda (S)      1,492         1,364        1,291      26,514     1,696         32,357  
Katanning (S)   15,844       84,362     41,218      10,291  18      151,733  
Kellerberrin (S)   46,383       97,770     39,558        7,659  28      191,398  
Kent (S)   46,257     253,868   132,339   129,908    4      562,377  
Kojonup (S)   86,953     121,883     65,756      18,217  82      292,890  
Kondinin (S) 134,805     174,537     70,209      43,340  26      422,918  
Koorda (S)   77,871       91,588     82,404      27,567     3,629      283,058  
Kulin (S) 126,848     222,450     79,331      42,310    5      470,945  
Kwinana (T)     0    347  732        1,491     9,345         11,915  
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Shire name Classes 1 & 2 Class 3 Classes 4 & 5 DEC Estate Other (not mapped) 
Total area 
(agricultural region) 
Lake Grace (S) 165,528     421,045   220,000   221,039  15   1,027,627  
Mandurah (C)     2    830  558        9,222     7,465         18,076  
Manjimup (S)   41,434       16,885     12,587   615,101     8,956      694,962  
Merredin (S)   84,716     141,705     77,282      25,438  66      329,208  
Mingenew (S)   62,458       83,209     37,524      10,232  35      193,458  
Moora (S) 129,197     138,933     78,680      29,146  26      375,982  
Morawa (S) 111,312       93,338     51,074      47,776     3,288      306,787  
Mount Marshall (S) 147,318     178,263     87,613      34,287     7,246      454,728  
Mukinbudin (S)   86,083     106,558     59,407      25,988  20      278,056  
Mullewa (S) 104,976     279,146     83,043      29,144  36      496,345  
Mundaring (S)      4,676         3,946        5,108      48,998     1,566         64,294  
Murray (S)      6,213       32,067     22,380      91,120   16,788      168,568  
Nannup (S)   10,930       15,669        8,925   256,479     1,094      293,096  
Narembeen (S) 122,813     175,704     70,987      13,619  26      383,150  
Narrogin (S)   45,545       63,738     35,190      15,669     1,512      161,654  
Narrogin (T)         286    195    42  730  60  1,313  
Northam (S)   34,255       56,513     27,059      22,290         233      140,350  
Northam (T)         672         1,255  615       2  49  2,593  
Northampton (S)   26,692     243,591   103,730      54,428         108      428,549  
Nungarin (S)   27,012       41,089     30,457      17,721    5      116,285  
Perenjori (S) 140,284     160,166     57,863      13,312     2,454      374,078  
Pingelly (S)   45,722       49,987     24,731        8,821  36      129,297  
Plantagenet (S)   66,760     160,384     74,868   185,529  35      487,576  
Quairading (S)   61,242       81,882     53,640        4,693  42      201,499  
Ravensthorpe (S)   38,110     245,661   117,395   728,572  37   1,129,774  
Rockingham (C)         115         2,109        1,972  932   19,144         24,271  
Serpentine-Jarrahdale (S)      5,775       13,374     13,231      47,782     9,262         89,424  
Swan (S)   10,404       14,433     22,209      44,297   12,152      103,495  
Tambellup (S)   22,904       69,477     44,059        7,130    1      143,572  
Tammin (S)   25,763       59,594     21,322        3,410  17      110,106  
Three Springs (S)   53,795     117,496     50,851      43,513    0      265,654  
Toodyay (S)   25,601       45,877     19,711      77,972    6      169,167  
Trayning (S)   44,278       69,378     44,083        7,255    5      164,999  
Victoria Plains (S)   97,668       90,409     49,512      16,641         634      254,864  
Wagin (S)   20,756     107,262     56,357      10,055    8      194,437  
Wandering (S)   46,942       23,940     14,141   105,133         175      190,331  
Wanneroo (S)    -          9,275        8,725      21,234   18,051         57,284  
Waroona (S)      2,654       12,592     11,367      48,575     7,933         83,121  
West Arthur (S)   65,730       85,393     68,024      61,691     2,210      283,048  
Westonia (S) 102,732       66,923     50,609      65,391   (0)     285,655  
Wickepin (S)   50,564       98,255     48,898        6,129  19      203,865  
Williams (S)   84,462       56,203     31,644      57,224         262      229,793  
Wongan-Ballidu (S) 141,524     124,687     60,695        9,393    8      336,307  
Woodanilling (S)   13,397       55,845     37,505        6,097    5      112,849  
Wyalkatchem (S)   40,263       69,448     45,498        4,210    1      159,420  
Yalgoo (S)         157      82    42       1         282     564  
Yilgarn (S) 192,881     239,885   158,431   159,435     7,269      757,901  
York (S)   43,059       71,639     38,642      59,341         420      213,101  
Total  4,876,886     9,418,555    4,573,592    7,412,695     273,780     26,555,507  
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Table 36. Grazing capability as percentage of total shire area  
Shire name Classes 1 & 2 ( ) Class 3 ( ) Classes 4 & 5 ( ) DEC Estate ( ) Other ( ) 
Albany (C) 11 40 22 26 0 
Armadale (C) 3 5 5 80 6 
Augusta-Margaret River (S) 13 9 6 65 7 
Beverley (S) 20 34 18 28 0 
Boddington (S) 18 8 5 68 1 
Boyup Brook (S) 32 17 15 36 0 
Bridgetown-Greenbushes (S) 21 12 6 60 1 
Brookton (S) 27 38 22 13 0 
Broomehill (S) 18 58 22 2 0 
Bruce Rock (S) 32 36 28 4 0 
Bunbury (C) 2 4 5 25 64 
Busselton (S) 18 20 14 37 11 
Capel (S) 6 24 23 31 17 
Carnamah (S) 19 21 24 36 0 
Chapman Valley (S) 8 59 14 19 0 
Chittering (S) 25 18 23 24 10 
Cockburn (C) 0 3 7 8 82 
Collie (S) 4 2 2 90 2 
Coorow (S) 21 26 18 35 0 
Corrigin (S) 27 45 26 2 0 
Cranbrook (S) 21 30 23 26 0 
Cuballing (S) 45 25 17 13 0 
Cunderdin (S) 27 52 21 0 0 
Dalwallinu (S) 41 32 18 9 0 
Dandaragan (S) 7 31 20 41 0 
Dardanup (S) 15 16 7 47 15 
Denmark (S) 7 8 6 78 0 
Donnybrook-Balingup (S) 23 13 3 60 1 
Dowerin (S) 33 47 18 2 0 
Dumbleyung (S) 8 56 29 7 0 
Esperance (S) 1 49 10 41 0 
Geraldton (C) 8 27 26 34 5 
Gingin (S) 1 24 24 49 2 
Gnowangerup (S) 18 50 19 13 0 
Goomalling (S) 30 44 24 2 0 
Gosnells (C) 5 16 21 24 34 
Greenough (S) 24 49 16 10 0 
Harvey (S) 7 12 9 57 16 
Irwin (S) 3 29 24 45 0 
Jerramungup (S) 18 34 14 34 0 
Kalamunda (S) 5 4 4 82 5 
Katanning (S) 10 56 27 7 0 
Kellerberrin (S) 24 51 21 4 0 
Kent (S) 8 45 24 23 0 
Kojonup (S) 30 42 22 6 0 
Kondinin (S) 32 41 17 10 0 
Koorda (S) 28 32 29 10 1 
Kulin (S) 27 47 17 9 0 
Kwinana (T) 0 3 6 13 78 
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Shire name Classes 1 & 2 ( ) Class 3 ( ) Classes 4 & 5 ( ) DEC Estate ( ) Other ( ) 
Lake Grace (S) 16 41 21 22 0 
Mandurah (C) 0 5 3 51 41 
Manjimup (S) 6 2 2 89 1 
Merredin (S) 26 43 23 8 0 
Mingenew (S) 32 43 19 5 0 
Moora (S) 34 37 21 8 0 
Morawa (S) 36 30 17 16 1 
Mount Marshall (S) 32 39 19 8 2 
Mukinbudin (S) 31 38 21 9 0 
Mullewa (S) 21 56 17 6 0 
Mundaring (S) 7 6 8 76 2 
Murray (S) 4 19 13 54 10 
Nannup (S) 4 5 3 88 0 
Narembeen (S) 32 46 19 4 0 
Narrogin (S) 28 39 22 10 1 
Narrogin (T) 22 15 3 56 5 
Northam (S) 24 40 19 16 0 
Northam (T) 26 48 24 0 2 
Northampton (S) 6 57 24 13 0 
Nungarin (S) 23 35 26 15 0 
Perenjori (S) 38 43 15 4 1 
Pingelly (S) 35 39 19 7 0 
Plantagenet (S) 14 33 15 38 0 
Quairading (S) 30 41 27 2 0 
Ravensthorpe (S) 3 22 10 64 0 
Rockingham (C) 0 9 8 4 79 
Serpentine-Jarrahdale (S) 6 15 15 53 10 
Swan (S) 10 14 21 43 12 
Tambellup (S) 16 48 31 5 0 
Tammin (S) 23 54 19 3 0 
Three Springs (S) 20 44 19 16 0 
Toodyay (S) 15 27 12 46 0 
Trayning (S) 27 42 27 4 0 
Victoria Plains (S) 38 35 19 7 0 
Wagin (S) 11 55 29 5 0 
Wandering (S) 25 13 7 55 0 
Wanneroo (S) 0 16 15 37 32 
Waroona (S) 3 15 14 58 10 
West Arthur (S) 23 30 24 22 1 
Westonia (S) 36 23 18 23 0 
Wickepin (S) 25 48 24 3 0 
Williams (S) 37 24 14 25 0 
Wongan-Ballidu (S) 42 37 18 3 0 
Woodanilling (S) 12 49 33 5 0 
Wyalkatchem (S) 25 44 29 3 0 
Yalgoo (S) 28 14 7 0 50 
Yilgarn (S) 25 32 21 21 1 
York (S) 20 34 18 28 0 
Total 18 35 17 28 1 
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3.3.4 Dryland cropping (minimum tillage) 
Description This is a general assessment for common dryland crops grown over extensive areas 
(i.e. hundreds of hectares) using minimum tillage.  It is best suited to the 
350-600 mm/year rainfall zone (i.e. the wheatbelt), though it may be extended to 
include some slightly higher rainfall areas. 
Notes Different crops have varying tolerance to soil properties such as pH, salinity and 
waterlogging.  Separate land capability tables could be prepared for each of the main 
crop species: wheat, barley, oats, narrow-leafed lupins, field peas, canola, chickpeas 
and faba beans.  This would be cumbersome in strategic planning, so assessment 
for these crops has been combined.  Land capability classes 1 and 2 have few 
production or environmental limitations for growing a wide range of crops.  Class 3 
has moderate to high limitations for some crops and may be better suited to hardier 
crops such as cereals which can tolerate a wide range of soil conditions.  If a more 
crop-specific land capability assessment is to be undertaken it should include 
additional considerations, such as specific climatic requirements or soil chemical 
data (if enough soil sample points are available). 
Assessment 
factors 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Saline sites should be avoided, although areas of marginal salinity can be cropped 
using tolerant crops such as barley.  In medium rainfall areas options to reclaim 
saline land are limited. 
Waterlogging reduces crop yields especially early in development or when 
temperatures are higher in spring.  Management options include drainage and/or 
growing tolerant crops such as oats or faba beans. 
Mechanisation using large machinery is an essential feature of annual cropping and 
soil workability is important.  In many areas small stones and surface rocks in the 
landscape have been pushed into heaps so as not to hinder cultivation. 
Extremes of pH affect the availability of nutrients resulting in deficiencies and/or 
toxicities that adversely impact on production.  Management options are limited to 
growing tolerant crops or the use of lime to increase the pH of acid soils. 
Wind erosion can result in sand-blasting, loss of nutrients and long-term loss of 
productive potential.  On highly susceptible soils, crops should be sown into stubble. 
Water erosion can reduce yields, cause loss of nutrients and productive potential.  
Management options include minimising tillage, sowing on the contour and installing 
banks to control the length of slope and/or reduce waterlogging. 
Unrestricted rooting depth is closely related to other land qualities.  Shallow soils 
limit the volume that can be explored by roots and therefore moisture availability. 
Soils with very low soil water storage are likely to limit yields in most seasons, while 
those with low water storage are likely to limit yields in low rainfall seasons or where 
distribution of the rainfall is irregular. 
Flood risk.  Floods can damage crops greatly reducing yield. 
Subsurface acidification results in increased solubility of aluminium which is toxic 
to plants.  It also reduces the rate of root elongation, which limits crop access to 
water and mobile nutrients such as nitrogen.  Management options include growing 
tolerant crops and the application of lime. 
Water repellence creates difficulty with use of herbicides and results in patchy crop 
emergence.  Furrow sowing, wetting agents and clay additions are the main 
management options. 
Soil structure decline can reduce infiltration, delay seeding (due to reduced soil 
water storage) and reduce seedling emergence.  Management options include 
minimising tillage, increasing organic matter and the use of gypsum to help stabilise 
structure on dispersive soils. 
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Assessment 
factors 
(continued) 
Phosphorus export.  Cultivation increases susceptibility of soil to erosion, the main 
mechanism for export in most soils except bleached sands, which do not readily bind 
phosphorus.  Management practices to reduce risk of nutrient export include 
reducing the risk of soil erosion, matching fertilisers to crop requirements, creation of 
buffer strips along waterways and growing crops such as canola and chickpeas 
which use phosphorus more efficiently. 
Subsurface compaction reduces the rate of root elongation and hence the rooting 
depth.  This limits crop access to water and mobile nutrients such as nitrogen.  
Management may include deep tillage to disrupt the traffic pan. 
Table 37. Land capability for dryland cropping (brackets are for conventional tillage) 
Land capability class 
Land quality 
1 2 3 4 5 
Flood hazard N, L  M H  
Land instability N, VL, L  M H  
pH 0-10 cm N, Slac Mac, Malk Sac, Vsac Salk  
pH 50-80 cm N, Slac Mac, Malk Sac, Salk Vsac  
Phosphorus export L M, H VH, (H) E, (VH)  
Rooting depth D, VD M MS  S, VS 
Salinity hazard NR  PR MR, HR PS 
Salt spray exposure N   S  
Surface salinity N  S M H, E 
Surface soil structure decline L M H   
Soil water storage H ML, M L VL  
Soil workability G F  P VP 
Subsurface acidification L M H, P   
Subsurface compaction L M, H    
Trafficability G F  P VP 
Water erosion VL L M H E, VH 
Water repellence  N, L M, H (H)   
Waterlogging N, VL L M H VH 
Wind erosion L M H, VH, (M) (H) E, (VH) 
Source: van Gool et al. (2005), see Appendix 3. 
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Figure 22. Capability of land for dryland cropping 
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Table 34. Dryland cropping capability shown as total hectares per shire 
Shire name Classes 1 & 2 Class 3 Classes 4 & 5 DEC Estate Other (not mapped) 
Total area 
(agricultural region) 
Albany (C)     26,203       190,460         95,838   112,463         891       425,855  
Armadale (C)  743  1,988  4,854      44,635     3,558         55,777  
Augusta-Margaret River (S)     14,411         27,091         21,856   145,314   16,090       224,762  
Beverley (S)     25,064         93,034         52,556      65,319         789       236,761  
Boddington (S)     10,569         30,410         18,906   130,766     1,157       191,808  
Boyup Brook (S)     47,426         72,485         59,747   102,541         202       282,401  
Bridgetown-Greenbushes (S)     10,273         18,075         23,723      80,371     1,240       133,681  
Brookton (S)     23,777         82,028         33,780      20,101         320       160,006  
Broomehill (S)       6,834         86,973         20,792        2,561    6       117,164  
Bruce Rock (S)     24,862       150,120         85,380      11,953  13       272,327  
Bunbury (C)    32      262     409        1,557     4,004  6,265  
Busselton (S)     14,235         26,667         34,121      53,480   16,488       144,992  
Capel (S)       1,178  9,508         18,348      17,066     9,641         55,740  
Carnamah (S)       6,090       110,441         66,355   104,120    8       287,013  
Chapman Valley (S)       6,425       272,129         20,802      72,051    8       371,415  
Chittering (S)     20,405         24,662         35,361      28,746   12,524       121,698  
Cockburn (C)     -       429  1,034        1,213   11,918         14,594  
Collie (S)       3,325  5,077  4,922   153,652     3,163       170,139  
Coorow (S)     21,174       179,671         70,697   147,100  14       418,656  
Corrigin (S)     21,589       174,457         66,948        4,994  23       268,011  
Cranbrook (S)     40,491       112,218         87,554      86,635         344       327,242  
Cuballing (S)     19,148         56,488         27,619      15,975         213       119,443  
Cunderdin (S)     22,604       115,030         47,873  544  41       186,092  
Dalwallinu (S)     43,038       338,417      162,299      52,876  50       596,680  
Dandaragan (S)     21,518       246,150      125,139   277,790  36       670,631  
Dardanup (S)       2,085  6,670         11,300      24,876     7,881         52,812  
Denmark (S)       3,640         19,126         16,831   145,768         347       185,713  
Donnybrook-Balingup (S)     10,709         20,224         29,841      94,020     1,143       155,937  
Dowerin (S)       9,144       122,830         50,161        4,001  10       186,145  
Dumbleyung (S)       9,696       149,038         78,308      16,783  32       253,856  
Esperance (S)    28   1,322,455      195,637         1,053,674  79   2,571,874  
Geraldton (C)    69  1,073     600  956         147  2,846  
Gingin (S)  479         88,138         68,689   158,139     5,003       320,448  
Gnowangerup (S)     16,057       274,461         79,584      56,196    6       426,305  
Goomalling (S)     31,545         97,925         50,405        3,497    9       183,381  
Gosnells (C)  145  2,229  3,051        3,067     4,294         12,787  
Greenough (S)     16,930       111,935         28,251      17,815  40       174,971  
Harvey (S)       3,125         17,597         26,997      96,551   26,565       170,835  
Irwin (S)    21         82,911         48,301   105,588  34       236,856  
Jerramungup (S)     29,049       308,991         93,415   218,447     1,561       651,462  
Kalamunda (S)  718  1,868  1,562      26,514     1,696         32,357  
Katanning (S)       7,293         97,565         36,566      10,291  18       151,733  
Kellerberrin (S)     16,119       103,471         64,121        7,659  28       191,398  
Kent (S)     10,653       300,652      121,159   129,908    4       562,377  
Kojonup (S)     44,002       171,219         59,371      18,217  82       292,890  
Kondinin (S)     55,587       240,047         83,918      43,340  26       422,918  
Koorda (S)    17       149,728      102,117      27,567     3,629       283,058  
Kulin (S)     52,407       290,778         85,445      42,310    5       470,945  
Kwinana (T)     -       376     703        1,491     9,345         11,915  
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Shire name Classes 1 & 2 Class 3 Classes 4 & 5 DEC Estate Other (not mapped) 
Total area 
(agricultural region) 
Lake Grace (S)     42,652       551,763      212,157   221,039  15   1,027,627  
Mandurah (C)     -       681     709        9,222     7,465         18,076  
Manjimup (S)     19,544         27,425         23,937   615,101     8,956       694,962  
Merredin (S)     25,344       184,666         93,693      25,438  66       329,208  
Mingenew (S)       7,092       134,562         41,536      10,232  35       193,458  
Moora (S)     79,321       188,255         79,233      29,146  26       375,982  
Morawa (S)     28,301       181,817         45,606      47,776     3,288       306,787  
Mount Marshall (S)  873       285,113      127,208      34,287     7,246       454,728  
Mukinbudin (S)     -        176,399         75,649      25,988  20       278,056  
Mullewa (S)     14,626       381,179         71,361      29,144  36       496,345  
Mundaring (S)       2,692  5,241  5,798      48,998     1,566         64,294  
Murray (S)       1,789         16,479         42,392      91,120   16,788       168,568  
Nannup (S)       4,340         11,315         19,869   256,479     1,094       293,096  
Narembeen (S)     49,958       222,558         96,989      13,619  26       383,150  
Narrogin (S)     26,574         80,845         37,055      15,669     1,512       161,654  
Narrogin (T)  250      234        39  730  60  1,313  
Northam (S)     23,540         61,495         32,792      22,290         233       140,350  
Northam (T)  471  1,228     842       2  49  2,593  
Northampton (S)     16,398       301,684         55,931      54,428         108       428,549  
Nungarin (S)       1,160         58,048         39,351      17,721    5       116,285  
Perenjori (S)     20,965       208,804      128,544      13,312     2,454       374,078  
Pingelly (S)     25,719         67,354         27,367        8,821  36       129,297  
Plantagenet (S)     36,112       167,592         98,308   185,529  35       487,576  
Quairading (S)     21,611       123,387         51,766        4,693  42       201,499  
Ravensthorpe (S)       4,701       296,816         99,648   728,572  37   1,129,774  
Rockingham (C)    19  1,950  2,226  932   19,144         24,271  
Serpentine-Jarrahdale (S)       1,822  8,894         21,663      47,782     9,262         89,424  
Swan (S)       5,022         14,863         27,160      44,297   12,152       103,495  
Tambellup (S)     10,296         82,858         43,287        7,130    1       143,572  
Tammin (S)       9,655         61,681         35,343        3,410  17       110,106  
Three Springs (S)       8,732       160,513         52,897      43,513    0       265,654  
Toodyay (S)     18,583         48,972         23,633      77,972    6       169,167  
Trayning (S)       3,802         96,196         57,742        7,255    5       164,999  
Victoria Plains (S)     70,007       111,154         56,428      16,641         634       254,864  
Wagin (S)       7,771       126,319         50,284      10,055    8       194,437  
Wandering (S)     15,283         46,205         23,536   105,133         175       190,331  
Wanneroo (S)     -   9,052  8,948      21,234   18,051         57,284  
Waroona (S)  428  6,494         19,690      48,575     7,933         83,121  
West Arthur (S)     34,520       115,757         68,869      61,691     2,210       283,048  
Westonia (S)     20,931       139,379         59,954      65,391   (0)      285,655  
Wickepin (S)     20,520       125,670         51,528        6,129  19       203,865  
Williams (S)     30,022         94,633         47,653      57,224         262       229,793  
Wongan-Ballidu (S)     41,100       199,969         85,837        9,393    8       336,307  
Woodanilling (S)       5,050         68,407         33,290        6,097    5       112,849  
Wyalkatchem (S)       4,436         91,889         58,884        4,210    1       159,420  
Yalgoo (S)    14      219        48       1         282      564  
Yilgarn (S)     42,925       367,862      180,410   159,435     7,269       757,901  
York (S)     28,859         78,944         45,537      59,341         420       213,101  
Total    1,584,762     12,198,398       5,085,873    7,412,695     273,780     26,555,507  
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Table 35. Dryland cropping capability shown as percentage of total shire area 
Shire name Classes 1 & 2 ( ) Class 3 ( ) Classes 4 & 5 ( ) DEC Estate ( ) Other ( ) 
Albany (C) 6 45 23 26 0 
Armadale (C) 1 4 9 80 6 
Augusta-Margaret River (S) 6 12 10 65 7 
Beverley (S) 11 39 22 28 0 
Boddington (S) 6 16 10 68 1 
Boyup Brook (S) 17 26 21 36 0 
Bridgetown-Greenbushes (S) 8 14 18 60 1 
Brookton (S) 15 51 21 13 0 
Broomehill (S) 6 74 18 2 0 
Bruce Rock (S) 9 55 31 4 0 
Bunbury (C) 1 4 7 25 64 
Busselton (S) 10 18 24 37 11 
Capel (S) 2 17 33 31 17 
Carnamah (S) 2 38 23 36 0 
Chapman Valley (S) 2 73 6 19 0 
Chittering (S) 17 20 29 24 10 
Cockburn (C) 0 3 7 8 82 
Collie (S) 2 3 3 90 2 
Coorow (S) 5 43 17 35 0 
Corrigin (S) 8 65 25 2 0 
Cranbrook (S) 12 34 27 26 0 
Cuballing (S) 16 47 23 13 0 
Cunderdin (S) 12 62 26 0 0 
Dalwallinu (S) 7 57 27 9 0 
Dandaragan (S) 3 37 19 41 0 
Dardanup (S) 4 13 21 47 15 
Denmark (S) 2 10 9 78 0 
Donnybrook-Balingup (S) 7 13 19 60 1 
Dowerin (S) 5 66 27 2 0 
Dumbleyung (S) 4 59 31 7 0 
Esperance (S) 0 51 8 41 0 
Geraldton (C) 2 38 21 34 5 
Gingin (S) 0 28 21 49 2 
Gnowangerup (S) 4 64 19 13 0 
Goomalling (S) 17 53 27 2 0 
Gosnells (C) 1 17 24 24 34 
Greenough (S) 10 64 16 10 0 
Harvey (S) 2 10 16 57 16 
Irwin (S) 0 35 20 45 0 
Jerramungup (S) 4 47 14 34 0 
Kalamunda (S) 2 6 5 82 5 
Katanning (S) 5 64 24 7 0 
Kellerberrin (S) 8 54 34 4 0 
Kent (S) 2 53 22 23 0 
Kojonup (S) 15 58 20 6 0 
Kondinin (S) 13 57 20 10 0 
Koorda (S) 0 53 36 10 1 
Kulin (S) 11 62 18 9 0 
Kwinana (T) 0 3 6 13 78 
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Shire name Classes 1 & 2 ( ) Class 3 ( ) Classes 4 & 5 ( ) DEC Estate ( ) Other ( ) 
Lake Grace (S) 4 54 21 22 0 
Mandurah (C) 0 4 4 51 41 
Manjimup (S) 3 4 3 89 1 
Merredin (S) 8 56 28 8 0 
Mingenew (S) 4 70 21 5 0 
Moora (S) 21 50 21 8 0 
Morawa (S) 9 59 15 16 1 
Mount Marshall (S) 0 63 28 8 2 
Mukinbudin (S) 0 63 27 9 0 
Mullewa (S) 3 77 14 6 0 
Mundaring (S) 4 8 9 76 2 
Murray (S) 1 10 25 54 10 
Nannup (S) 1 4 7 88 0 
Narembeen (S) 13 58 25 4 0 
Narrogin (S) 16 50 23 10 1 
Narrogin (T) 19 18 3 56 5 
Northam (S) 17 44 23 16 0 
Northam (T) 18 47 32 0 2 
Northampton (S) 4 70 13 13 0 
Nungarin (S) 1 50 34 15 0 
Perenjori (S) 6 56 34 4 1 
Pingelly (S) 20 52 21 7 0 
Plantagenet (S) 7 34 20 38 0 
Quairading (S) 11 61 26 2 0 
Ravensthorpe (S) 0 26 9 64 0 
Rockingham (C) 0 8 9 4 79 
Serpentine-Jarrahdale (S) 2 10 24 53 10 
Swan (S) 5 14 26 43 12 
Tambellup (S) 7 58 30 5 0 
Tammin (S) 9 56 32 3 0 
Three Springs (S) 3 60 20 16 0 
Toodyay (S) 11 29 14 46 0 
Trayning (S) 2 58 35 4 0 
Victoria Plains (S) 27 44 22 7 0 
Wagin (S) 4 65 26 5 0 
Wandering (S) 8 24 12 55 0 
Wanneroo (S) 0 16 16 37 32 
Waroona (S) 1 8 24 58 10 
West Arthur (S) 12 41 24 22 1 
Westonia (S) 7 49 21 23 0 
Wickepin (S) 10 62 25 3 0 
Williams (S) 13 41 21 25 0 
Wongan-Ballidu (S) 12 59 26 3 0 
Woodanilling (S) 4 61 29 5 0 
Wyalkatchem (S) 3 58 37 3 0 
Yalgoo (S) 2 39 8 0 50 
Yilgarn (S) 6 49 24 21 1 
York (S) 14 37 21 28 0 
Total 6 46 19 28 1 
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Land Manager for Albany Eastern Hinterland (2004) 
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5. Appendices 
Appendix 1: Availability of all digital land resource surveys in the south-
west of Western Australia 
Current land resource and rangeland maps are prepared in digital form.  Digital copies of 
most of the older maps have also been captured.  The following tables list, by location, 
surveys for which digital maps have been (or are being) prepared.  The locations of most of 
these surveys are shown in Figure A1.  Bibliographic references for these surveys and 
related reports are provided at the end. 
Access to some mapping may be restricted, especially for surveys still in progress. 
Key to table headings 
Survey location:  Abbreviated survey title/approximate location 
Map number:  Publication reference number of the maps (may differ from the report number) 
Publication status:   
P:  Published 
NP:  Not published 
IP:  In preparation 
NS:  Not started 
NSP:  No survey planned 
Publication scale:  Scale at which the map is published or planned to be published.  This 
reflects the detail or intensity of the survey. 
Survey type:  Indicates type or purpose of the survey. 
A question mark (?) attached to a date indicates that the exact date is uncertain. 
Table A1. South-west land resource surveys 
Survey location Report author/s (publication date) Status Scale Survey type 
Bencubbin Grealish and Wagnon (1995) P 1:250,000 Soil-landscape 
Busselton-Margaret River-
Augusta Tille and Lantzke (1990) P 1:50,000 Soil-landscape 
Cascades Scholz (1990 unpublished) IP 1:50,000 Soil-landscape 
Chittering Bessell-Browne (in prep.) IP 1:50,000 Soil-landscape 
Coastal dunes survey - Port 
Gregory to Cliff Head Oma and Moore (1989) NP 1:50,000 Soil-landscape 
Condingup Overheu (in prep.) IP 1:100,000 Soil-landscape 
Corrigin Verboom and Galloway (2004) P 1:150,000 Soil-landscape 
Coujinup Creek Scholz (1987) NP 1:20,000 Soil-landscape 
Dandaragan Griffin (in prep.) IP 1:100,000 Soil-landscape 
Darling landforms 
Mainly Churchward and McArthur 
(1978), plus Smolinski et al. 
(unpublished) 
P 1:250,000 Land system 
Darling Range King and Wells (1990) P 1:50,000 Soil-landscape 
Eneabba soil conditions Scholz and Smolinski (1987?) NP 1:50,000 Soil-landscape 
LAND RESOURCES IN THE SOUTH-WEST AGRICULTURAL REGION 
 123
Survey location Report author/s (publication date) Status Scale Survey type 
Esperance Overheu et al. (1993) P 1:50,000 Soil-landscape 
Geraldton region Rogers (1996) P 1:250.000 Soil-landscape 
Geraldton rural residential Dye et al. (1990) P 1:50 000 Soil-landscape 
Gingin east 
van Gool (1998 unpublished), 
based on work by Scholz (1995 
unpublished) 
NP 1:100,000 Soil-landscape 
Gingin west Smolinski and Scholz (1997) P 1:50,000 Soil-landscape 
Gingin infill Bessel-Browne (unpublished) NP 1:50,000 Soil-landscape 
Gnangara Mound McArthur and Mattiske (1985) P 1:50,000 Soil-landscape 
Harvey-Capel Barnesby et al. (in prep.) IP 1:50,000 Soil-landscape 
Jandakot Wells et al. (1986 updated by van Gool 1990) P 1:50,000 Soil-landscape 
Jerdacuttup catchment Moore et al. (1990) P 1:50,000 Soil 
Jerramungup Overheu (in prep.) IP 1:250,000 Soil-landscape 
Katanning Percy (2000) IP 1:150,000 Soil-landscape 
Kellerberrin McArthur (1992) P 1:100,000 Soil-landscape 
Lake Brown Burvill (1932) NP 1:25,000 Soil-landscape 
Lower Blackwood Smith and Smolinski (1997) NP 1:100,000 Soil-landscape 
Mandurah-Bunbury McArthur and Bartle (1980a) P ? Soil-landscape 
Mandurah-Murray Wells (1989)  P 1:50,000 Soil-landscape 
Manjimup Churchward (1992) P 1:100,000 Soil-landscape 
Merredin Bettenay and Hingston (1961) P 1:126,720 Soil-landscape 
Metropolitan region (API 
infill mapping on rural land) 
Barnesby (1991) Wells (1992) 
Bessell-Browne (1998) NP 1:50,000 Soil-landscape 
Metropolitan, north-west 
corridor McArthur and Bartle (1980b) P 1:25,000 Soil-landscape 
Metropolitan environmental 
geology van Gool (1998?) NP 1:50,000 
Geology with crude 
match to soil-landscape 
Moora-Wongan Hills Griffin et al. (in prep.) IP 1:250,000 Soil-landscape 
Mount Beaumont Scholz and Smolinski (1996)  P 1:50,000 Soil 
Murray Catchment McArthur et al. (1977) P 1:150,000 Land system 
North Coastal Plain Schoknecht and Bessell-Browne (in prep.) IP 1:100,000 Soil-landscape 
Northam Lantzke and Fulton (1993) P 1:100,000 Soil-landscape 
Nyabing-Kukerin Percy (2003) IP 1:150,000 Soil-landscape 
Peel-Harvey North van Gool (1990).  P 1:50,000 Soil-landscape 
Peel-Harvey South van Gool and Kipling (1992) P 1:50,000 Soil-landscape 
Ravensthorpe Nicholas and Gee (in prep.) IP 1:250,000 Soil-landscape 
Rockingham Wells et al. (1985) P 1:50,000 Soil-landscape 
Salmon Gums–Esperance Nicholas and Gee (in prep.) IP 1:100,000 Soil-landscape 
Salmon Gums detail Burvill (1988) IP 1:15,840 Soil 
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Survey location Report author/s (publication date) Status Scale Survey type 
Salmon Gums District Burvill (1935, 1988) IP ? Soil-landscape 
South Coast and hinterland Churchward et al. (1988) P 1:100,000 Land system 
Southern Cross-Hyden Verboom et al. (in prep.) IP 1:250,000 Soil-landscape 
Swan Valley Campbell Clause and Moore (1991), Pym (1955) P 1:25,000 Soil-landscape 
Tambellup-Borden Stuart-Street and Marold  (in prep.) IP 1:100,000 Soil-landscape 
Three Springs Grose (in prep.) IP 1:250,000 Soil-landscape 
Tonebridge-Frankland Stuart-Street (2005) IP 1:100,000 Soil-landscape 
Wanneroo Wells and Clarke (1986) P 1:25,000 Soil-landscape 
Wellington-Blackwood Tille (1996) P 1:100,000 Soil-landscape 
Table A2. Broad overview surveys 
Survey location Report author/s (publication date) Status Scale Survey type 
Atlas of Australian soils Northcote et al. (1967) P 1:2,000,000 Soil 
Soil Groups of WA Schoknecht (2002) P 1:2,000,000 Soil 
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Figure A1. Survey areas in the South-West Agricultural Region of Western Australia 
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Appendix 2:  Survey references 
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Churchward HM, McArthur WM, Sewell PL, Bartle GA (1988)  Landforms and soils of the 
south coast and hinterland, Western Australia. Northcliffe to Manypeaks. CSIRO 
Division of Water Resources Divisional Report 88/1. 
Dixon JC, Petheram RJ (1979)  Soil Survey Report 65 (3 map sheets). Department of 
Agriculture, Western Australia. 
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Grealish G, Wagnon J (1995)  Land resources of the Bencubbin area.  Agriculture Western 
Australia, Land Resources Series No. 12. 
Griffin EA, Frahmand MA (in prep)  Moora-Wongan Hills land resources survey. Department 
of Agriculture and Food. 
Griffin EA (in prep) Dandaragan land resources survey. Department of Agriculture and Food. 
Grose C (in prep) Three Springs area land resources survey. Department of Agriculture and 
Food. 
King PD, Wells MR (1990)  Darling Range land capability study.  Western Australian 
Department of Agriculture, Land Resources Series No. 3. 
Lantzke N, Fulton I (1993)  Land Resources of the Northam region, Land Resources Series 
No. 11, Department of Agriculture Western Australia. 
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Department of Agriculture, Division of Resource Management Technical Report 134. 
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McArthur WM, Bartle GA (1980a)  Soils and land use planning in the Mandurah-Bunbury 
coastal zone, Western Australia.  CSIRO Land Resources Management Series No. 6. 
McArthur WM, Bartle GA (1980b)  Landforms and soils as an aid to urban planning in the 
Perth metropolitan northwest corridor, Western Australia.  Maps (scale 1:25,000, 4 map 
sheets).  CSIRO Australia, Land Resources Management Series No. 5. 
McArthur WM, Mattiske EM (1985)  The Gnangara mound groundwater area landforms, soils 
and vegetation.  Soil-landscape map (scale 1:50,000).  Appendix C.  In ‘Gnangara 
mound groundwater resources, environmental review and management programme’.  
Report by Dames and Moore, November 1986. 
McArthur WM, Stoneman TC (1991)  Landforms and soils of the south coast and hinterland, 
Western Australia.  Northcliffe to Manypeaks, Supplementary data. Department of 
Agriculture, Western Australia. 
McArthur WM, Churchward HM, Hick PT (1977)  Landforms and soils of the Murray River 
catchment area of Western Australia.  CSIRO Division of Land Resources, 
Management Series No. 3. 
Mitchell AA, McCarthy R, Hacker RB (1979)  A range inventory and condition survey of part 
of the Western Australian Nullarbor Plain, 1974.  Western Australian Department of 
Agriculture, Technical Bulletin No. 47. 
Nicholas BD, Gee ST (in prep)  Ravensthorpe land resources survey. Department of 
Agriculture and Food. 
Nicholas BD, Gee ST (in prep)  Salmon Gums-Esperance land resources survey. 
Department of Agriculture and Food. 
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Appendix 3:  Land quality code values 
Section Description and code value Acceptable codes (ratings)* 
2.1 Ease of excavation (EXCAVA) H (high), M (moderate), L (low), VL (very low) 
2.2 Flood hazard (FLOODR) N (nil), L (low), M (moderate), H (high) 
2.3 Land instability (INSTAB) N (nil), VL (very low), L (low), M (moderate), H (high) 
2.4 Microbial purification (MI_PURE) VL (very low), L (low), M (moderate), H (high) 
2.5a 
2.5b 
pH at 0-10 (PH0_10), 20 (PH20) 
and 50-80 (PH5080) cm depth 
Vsac (very strongly acid), Sac (strongly acid),  
Mac (moderately acid), Slac (slightly acid), N (neutral),  
Malk (moderately alkaline), Salk (strongly alkaline) 
2.6 Phosphorus export hazard (PHOS_L) L (low), M (moderate), H (high), VH (very high) E (Extreme) 
2.7 Rooting depth (URD) VS (<15), S (<30), MS (30-50), M (50-80), D (>80),  VD (>150) cm 
2.8 Salinity hazard (SA_RIS) NR (no hazard), PR (partial or low hazard), MR (moderate hazard), HR (high hazard), PS (saline land) 
2.9 Salt spray exposure (SALTEX) S (susceptible), N (not susceptible) 
2.10 Site drainage potential (SI_DRA) R (rapid), W (well), MW (moderately well), M (moderate),  P (poor), VP (very poor) 
2.11 Soil absorption (S_ABSOR) H (high), M (moderate), L (low), VL (very low) 
2.12 Soil water storage (WA_STO) VL (<35), L (35-70), ML (70-100), M (100-140),  H (>140 mm/m for 0-100 cm or the rooting depth) 
2.13 Soil workability (WORKAB) G (good), F (fair), P (poor), VP (very poor) 
2.14 Subsurface acidification susceptibility (SU_ACI) L (low), M (moderate), H (high), P (presently acid) 
2.15 Subsurface compaction susceptibility (SU_COM) L (low), M (moderate), H (high) 
2.16 Surface salinity (SALIN) N (nil), S, (slight), M (moderate), H (high), E (extreme) 
2.17 Surface soil structure decline susceptibility (ST_DEG) L (low), M (moderate), H (high) 
2.18 Trafficability (TRAFIC) G (good), F (fair), P (poor), VP (very poor) 
2.19 Water erosion hazard (WA_ERO) 
VL (Very low), L (low), M (moderate), H (high), VH (very 
high), E (extreme) 
2.20 Water repellence susceptibility (WA_REP) N (Nil), L (low), M (moderate), H (high) 
2.21 Waterlogging/inundation risk (WA_LOG) 
N (nil), VL (very low), L (low), M (moderate), H (high),  
VH (very high) 
2.22 Wind erosion hazard (WI_ERO) L (low), M (moderate), H (high), VH (very high),  E (extreme) 
• XX is the default NOT APPLICABLE value. 
Source: van Gool D, Tille P, Moore G (2005)  Land evaluation standards for land resource 
mapping (3rd edition).  Department of Agriculture Western Australia, Resource 
Management Technical Report 298.  
 
